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[57] 



ABSTRACT 



An integrated digital loop carrier (IDLC) system includes 
digital line feeders and signal processors to interface with 
the feeders and to ultimately provide data to subscriber 
instruments. The system can be employed as a central office 
terminal (COT) or remote digital terminal (RDT) with 
analog, Tl or SONET feeders and any conventional link 
medium. Data are put in DS1 format and multiplexed onto 
optical loops for delivery to banks of channel units wherein 
the optical signals are translated to electrical signals for 
delivery to the channel units and subscribers. A method and 
apparatus is provided for mapping and demapping signals 
between virtual tributaries (VT) and digital signal formats in 
the RDT of an integrated digital loop carrier. An application- 
specific circuit provides such mapping and demapping func- 
tions as Floating Byte Synchronous VT to Locked Byte 
Synchronous VT, Floating Asynchronous VT to Locked 
Byte Synchronous VT. Floating Asynchronous VT to Float- 
ing Asynchronous VT. DS1 to Locked Byte Synchronous 
VT, DS 1 to Floating Asynchronous VT, and DS 1 to Floating 
Byte Synchronous VT. 

30 Claims, 72 Drawing Sheets 
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INTEGRATED DIGITAL LOOP CARRIER An STS-1 SONET formatted signal comprises 8 10 bytes. 

SYSTEM WITH VIRTUAL TRIBUTARY The 810 bytes are organized in a frame structure comprising 

MAPPER CIRCUIT 9 rows by 90 columns of eight bit bytes that are serially 

transmitted row by row from left to right The 27 bytes found 

This application is a contoiation<in-pait of ILS. patent 3 * ^^^^ ^^^J^.XZ 

:. VT Aojrvm in< i7~ a lacriZ™, overhead bytes. The payload is the 783 bytes found in the 

Wtomons Ser. No. 08/03U95 ^ ^ 1993^ow ^^^ roll ^ of ^ frame. Nine of the payload 

abandoned, ^and a co^uatwi^in-r^f Ser. No. 08£5 L m ^ m a ^ « aUocated to 

848. filed May 31, 1994, now abandoned The entire subject > ^ A sAduonous Payload Envelope (SPE) can 

matter of both of these applications is hereby mcorporated n beg^ anywhere within the 9 by 87 bytes allocated to 

herein by reference for all purposes. 10 payload, and typically begins in one SONET frame and ends 

itiri n authtj TMVFhmnw in the next consecutive SONET frame. A payload pointer 

FIELD OF THE INVENTION ^ m ^ m bytcs contained m mc une overhead) 

This invention relates to an improved integrated digital indicate the frame payload byte where the SPE begins, 

loop carrier (IDLQ system which is integrated with a local ]S Information within a SPE is transported in sub-STS 

digital switch (LDS) and which is provided with interface payloads called virtual tributaries. A virtual tributary (VT) 

equipment capable of terminating a variety of different represents a portion of the total amount of data carried by an 

feeders. This invention also relates to a method of mapping optical channel, or a portion of the total data capacity of the 

and demapping signals between virtual tributaries (VT) and optical channeL A 27 byte structure, or 9 rows by 3 columns, 

digital signals and to a circuit for performing the VT ^ of the SPE has a rate of 1.728 Mbs and can therefore 

mapping functions. accommodate a 1.544 Mbs DS1 signal. Accordingly, this 

. particular VT is <wipn«tpd VT1.5. VTs of other sizes arc 

BACKGROUND OF THE INVENTION ^nflarly designated b^mnnber following the initials, e.g. 

Because of the rapid evolution of telephone exchange VT2. VT3 and VT6. which can accommodate CEPT-1 

equipment in the years since about 1980. a variety of types ^ (2.048 Mbs). DS1C (3.152 Mbs) and DS2 (6.912 Mbs) 

of transmission media exist in telephone exchanges through- signal payloads, respectively. Typically, 28 1.728 Mbs vir- 

out North America. On the other hand, because of the tual tributaries or VT1.5s are embedded with overhead into 

increasing demands for higher density and otherwise an STS-1. Finally, the STS-ls are multiplexed with an 

improved telephone systems, as well as for special features overhead into the OC-3 (3 STS-ls) or OC-12 (12 STS-ls) 

and services, there is increased impetus for still greater signal. 

advances. A new system introduced today is ideally capable As will be described, the present invention can. in accor- 

af high density service with data handling, as well as voice dance with an embodiment thereof, terminate VTL5s and 

handling capability, and with provision for the special fea- handle Floating Byte-Synchronous and Floating Bit- 

tures and services that are becoming more common. Further, Asynchronous payload mapping, as required by Bellcore 

anewsystemshouMbeabletomterfatt & Technical Reference TR-TSY-3Q3^In the Floating VT mode, 

of the future, as weD as those presently four consecutive 125 microsecond (ps) frames of the STS-1 

analog and digital systems. SPE are organized into a 500-us superframe. the phase of 

Integrated digital loop carrier QDLQ systems have been which is indicated by the Indicator byte (H4) in the STS path 

developed which use virtual tributary groups to facilitate overhead (POH> This defines a 500-us structure for each of 

data handling or organization. An TDLC system generally 40 the VTs. which is called the VT Superframe. The VT 

comprises a remote digital terminal (ROT), a local digital Superframe contains the VT Payload Pointer and the VT 

switch (LDS) having a highspeed termiiiatic« function, and SPE. Four bytes of the VT Superframe are desi g na t ed for VT 

a synchronous optical network (SONET) or DSl-based Pointer use (VI, V2, V3, and V4. which is undefined). The 

digital transmission facility connecting them. The SONET remaining bytes define the VT Envelope Capacity, which is 

protocol for opo^ transmission data and voice is standard- 4s different for each VT size. The VT Payload Pointer provides 

ized at specified line rates designated in Megabits per second far flexible and dynamic alignment of the VT SI* within the 

(Mbs). A first level. Optical Carrier level 1. or OC-1, VT Envelope Capacity, independent of other VT SPEs. 

transmits data at the rate of 51 .84 Mbs. This carrier level has In the Locked VT mode, the VT structure contains syn- 

a corresponding electrical level (Le_ signals transported cfaronous payloads that arc *locke<r to the STS-1 SPE. 

over wire versus optical fiber) called Synchronous Transport 50 Because the tributary information is fixed and immediately 

Signal level 1. or STS-1. Higher levels of SONET carriers identifiable with respect to the STS-1 Pointer, there are no 

include OC-3 (155.52 Mbs). OC-6 (311.04 Mbs), OC-9 VT pointers to process. Asynchronous mapping does not 

(466.56 Mbs) and OC-12 (622.08 Mbs). require frame acquisition and generation. Bisynchronous 

In order to access a higi frequency carrier such as an mapping of synchronous DSi signals, that is, DS1 signals 
STS-1 signal access products arc required so mat lower 55 whose timing is traceable to a common riming reference 
bandwidth carriers can be imroduced into or extracted from source, allows direct identification and access to the DS0 
the STS-1 signal Access products provide a SONET net- channels carried in the DSls, and therefore requires frame 
work with nodes where components of an STS-1 signal can acquisition and generation. A byte-synchronous DS0 inter- 
be added to or dropped out of the main signaL The compo- face places the 24 DS0 channels of a DSI signal into die 
oents that are extracted must be reorganized to produce a 60 corresponding DS0 channel positions of a Locked VTL5. 
signaling format compatible with currently used telephone The wards "synchronous** and "asynchronous" will herein- 
standards. Components that are added must be reorganized after be abbreviated as "sync" and "async" , respectively, 
for insertion into a SONET signaL A typical component of In the Floating Byte-Sync mode, the DSOs within the VT 
an STS-1 signal is a DSI signal having a bit rate of 1.544 are accessed and aligned to the internal frame timing, and 
Mbs. Twenty-eight DSI signals can be supported by an 65 the VTL5 path overhead bytes no longer required. In the 
STS- 1 signaL Twenty-f our DS0 signals with a rate of 64 kbs Floating Bit-Async mode, the VT 1.5 is passed intact trans- 
can be supported within each DSI signaL patently to channel units where it is processed. 
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SUMMARY OF THE INVENTION FIG. 1 is a block diagram illustrating the organization of 

Ana^of.h.^nt^^aa^^^ ^S^^'^nSn ^TfsnSfi 

system having increased bandwidth for each channel and the J . A , j* „~Irv . vT K 

cap5^ of services than , equjpincnt crnpl^yed in an RET in accordance with an 

e^^Luipmient 5 embodiment of the present invention; 

Briefly described, the present invention is a digital termi- ™ * is a (fia g^ m .°^! DL( ? 

niicuy ucswucu. p^uuraiiiwu u a showing Central Office (CO) interface equipment in accor- 
nal fox a telephone system comndsins the combination of a " ^w;»ui«i»* H 
• 7. ^TJT^l . ]f 1 ™"r . w *■ « dance with the present invention; 
plurality of digital Hne feeders and signal processor means w *^ ' 
connected to the feeders for receiving digital signals there- m FIGS. 3 and 4 show different co^guraUons of a portion 
from and for translating the digital signals into optical « a constructed in accordance with the present 
signals. The terminal comprises at least one channel unit invention to accommodate different feeders; 
shelf, the shelf comprising a plurality of channel units and HG- 5 is a schematic diagram of organization of paths 
first and second optical-electrical interface units for convert- forming virtual ROTs in accordance with the present Even- 
ing optical signals into electrical signals. First and second 15 tion; 

optical transmission signal conducting means are connected FIG. 6 is a schematic diagram illustrating the overall 

to the signal processor means for receiving therefrom and connection between the common equipment and channel 

carrying the optical signals, the first optical signal conduct- shelves with the channel banks, showing the inputs and 

ing means being connected in a serial loop to the first outputs to the shelf units, in accordance with the present 

optical-electricaf interface unit and the signal processor M invention; 

means and the secondopncal signal conducting ineans being FIG. 7 is a schematic block diagram of a common 

connected in a serial loop to the second optical-electrical equipment shelf (CBS) and channel shelves (CHSs) in a 

interface unit and the signal processor means for delivering remote digital terminal (RDT) in an integrated digital loop 

to the optical-electrical units the optical signals. A channel carrier (TJDLC) system in accordance with an embodiment of 

shelf processor Is in each channel unit shelf for selectively ^ the present invention; 

delivering to individual ones of the channel units electrical pig. 8 is a schematic block diagram of an OC-3 card 

signals converted to electrical signals from at least one of the constructed in accordance with an embodiment of the 

optical signals delivered by one of the first and second present invention and usable in the shelves of the RDT of 

optical transmission signal conducting means. p|Q 7. 

Another aspect of the present invention is a method and 30 p|Q 9 ^ a schematic block diagram of a Synchronous 

apparatus for mapping and demapping channels between Transport signal Multiplexer (STSM) card constructed in 

virtual tributary and subscriber service signals, as well as accordance with an embodiment of the present invention and 

between virtual tributaries. usable in the shelves of the ROT of FIG. 7; 

Still yet another aspect is a circuit for perforating the pRj 1# k a schematic block diagram of a vhtual tributary 

mapping and demapping functions, especially m the context 35 group/quad DS-1 (VTG/QDS1) card constructed in accor- 

of an IDLC such as mat mentioned above, dance with an embodiment of the present invention and 

In accordance with the present invention. VT Group usable in the shelves of the RET of FIG. 7; 

(VTG) cards are used to provide digital signal-to-VT. VT-to- FIGS- 11A through 11F are diagrams illustrating the 

digital signal and VT-to- VT mappings in an STS payioad. directions of signal flow through a VTG/QDS1 card con> 

Themanmigcapabfluyofme 40 structed in accordance with an embodiment of the present 

it permits, for example. DS1 based tdecommiimcatiotts invention and under different conditions in accordaiice with 

systems to continue processing DSl-type signals, while also ^ embodiment of the present invention; 

accommodating gradually evolving Jntostry standards for no. 12 is a schematic block diagram of a SYNC card 

optical c omm unic a tio ns, t hat is , SONET signaling. Since constructed in accordance with an embodiment of the 

DS1 transmission facilities represent a significant portion of 45 present invention and usable in the shelves of the RET of 

die existing telecornTTiiinications transmission network, die pjQ 

expeoditures normal*? associated with adopting a new & - u a scheme block diagram of a SONET 

system, such aspurchasing equipment upgrades and hard- ^ (S0P) ^ c^^ucted m accordance 

!^L" d '^"1*^^*1° THZU!™ cn with an emboo^t of the present invention and usable in 

capabilities, is therefore reduced. Further, in accordance so me of the ROT of HOG. 7; 

with an embodhnent of the invention, floating to locked CTr , - - . ^ , w . - . m . 

conversion is provided in an RET or other network element J^^^^^^^^t^^^ 

l^^^^^^S^ invention and usable in the shelves of the ROT of FIG. 7; 

access. The mappings discussed below are performed for VT 55 FH3. 15 is a sche^ block diagram of a network 

LSsandDSlfoniiatsignaUforilk 1™***? ^> ^ m k f 0 "^ 

The concepts disclosed and claimed herein are also appli- wiftt^ present invention and usable m the shelves of the 

cable to different sizes of VTs and other subscriber service ROT °* HG * 7; 

formats (eg., CEFT-1. DS1C and DS2). FIG. 16 is a schematic functional block diagram of a 

60 signal control processor (SCP) card constructed in accor- 

BRIEF DESCRIPTION OF THE DRAWINGS dance with the present invention and usable in the shelves of 

In order to impart a full understanding of the manner in me ROT of FIG. 7; 

which these and other advantages are attained in accordance FIGS. 17A and 17B are diagrams illustrating signal rota- 

with the invention, a particularly advantageous embodiment tion as performed by the signal rotation circuit of FIG. 16; 

thereof will be described with reference to the accompany- 65 FIG. 18 is a functional block diagram of the signal 

ing drawings, which form a part of this disclosure, and rotation system of FIG. 16 in accordance with an embodi- 

wherein: ment of the present invention; 
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FIG. 19 is a diagram illustrating VT pointer operation in FIG. 4t is a schematic block and functional flow diagram 

accordance wiifa an embodiment of the present invention; illustrating tuning flow for mapping from VTG and/or USE 

FIG. 2# is an illustration of the VT pointer format; cards in accordance with the present invention; 

FIG. 21 is a Mock diagram of a signal translator con- FIG. 41 is a schematic block and functional flow diagram 

structed in accordance with the present invention and usable 3 ilhistratingtu^ 

in the circuit of FIG 16- into the OC-3 m accordance with the present invention; 

Fia 22b a diagram of the bit signal f ormat of Uirfcode FIG. 42 is afunctional Week diagram of system mainte- 

andYeliw Alarms!^; nance flow from upstream to downstream in accordance 

M . . , " , _ . _ ... with the present invention; 

^fe^SCP^raT^ nance flow from downstream to upstream in accordance 

usea in uie caru, w £ m ^ present invention; 

FIG. 24 U ;a, schematic ^ock diagram* a digital test FJG44Ua fuJK * kmal block diagram of system inainte- 

access unit (tJTAU) constructed m accordance with the « a™ *L ^i^^ J!**.- 

raxsent invention and usable in the SCP card; 15 nance «ow for yellow reporting m accordance With the 

*^ present invention; 

™* ^1^^ C W^d^of^SCRASRG 45A. 45B. 45C and 45D are schematic block 

and cr^ shelf interface diagrains cf aviulabk loopback mc^ associated with the 

inent of me present invention; nresent invention: 

HG. 36 is a more detailed schematic diagram of the SCP ' piG. 46 is a functional block diagram of a feeder side 

and ASRG ciffd mtcrcoimections in accordance with an a channel side circuit coupled together on a VTG 

embodiment of the present invention; card in accordance with the present invention; 

FIG. 27 is a schematic Mock diagram of a ASRG card fr;. 47 is a functional block diagram of a Receive Bus 

constructed in accordance with an embodiment of the interface of a VTM circuit constructed in accordance with 

present invention; 25 foe presert invention; 

FIG. 28 fa a schematic block diagram of a channel shelf piG 48 is a functional block diagram of a VT Path 

constructed in accordance with an embodiment of the TcnriMtkm Module used with the VTM drcuit in accox- 

present invention; dance with the present invention; 

FIG. 29 is a schematic block diagram of an optical- piGS. 49 and 49B are a flow chart and state diagram, 

electrical interface unit constructed in accordance wife an 30 rcspect ivdy, mnstmring a VT pointer interpretation algo- 

emrx>diinent of the present invention; rithm in accordance with the present invention; 

FIG. 3d is a schematic block diagram of a test bus FHj 5» i* * fii nrtiof>»i diagram rlqwrring p^t&- 

segmenter (TBS) constructed in accordance with an embodi- mg 5^ of a pointer interpretation algorithm for the VT 

ment of the present invention; Path Termination Module of a VTM circuit constructed in 

FIG. 31 is a schematic block diagram of a channel shelf 35 accordance with the present invention; 

processor (CSP) constructed in accordance with an embodi- fig, 51 is a flow chart illustrating a sequence of steps in 

ment of the present invention; a pipQ filtering algorithm for the VT Path Termination 

FIG. 32 is a schematic block diagram of a DS1 extension Module in accordance with the present invention; 

unit constructed in accordance with an embodiment of the ^ FKJ. 52 is a functional block diagram of a DS1 Transmit 

present invention; Interface constructed and used in accordance with the VTM 

FIG. 33 is a schematic block diagram of a quad-FOTS drcuit of the present invention; 

channel unit constructed in accordance with an embodiment pffj, 53 i« * fimrtmnal Mock «fo»gr am «f * conventional 

of the present invention; SONET desynchronizer; 

FIG. 34 is a schematic block diagram of a dual Telecom- 45 FH3. 54 is a schematic block diagram of a desynchronizer 

Bus architecture showing the data flow for digital loop constructed and used in accordance with the VTM circuit of 

carrier (DLC) applications; the present invention; 

FIG. 35 is a schematic Mock diagram of two virtual FIGS. 55 A and 55B are graphs illustrating the effects of 

tributary mapper (VTM) circuits constructed in accordance pointer ad ju st ment s on the phase error accumulator depicted 

with the present invention and used on a virtual tributary 50 in FIG. 54; 

group (VTC) card in an RET or other network clement of an FIG 56 is a graph illustrating frequency limiting induced 

IDLC system; by the desynchronizer depicted in FIG. 54; 

FIG. 36 is a functional block diapam of a VTM drcuit FK& 57 A and STB are graphs illustrating voltage control 

constructed in accordance with the present invention; ^ oscillator characteristics of the VTM circuit desynchronizer 

FIG. 37 is a diagram showing mapping between SONET of FIG 54; 

bit numbering and the TelecomBus interface of the VTG FIG. 58 is a functional block diagram of a VTM circuit 

module; desynchronizer filter constructed in accordance with the 

FIG. 38 is a schematic block and functional flow diagram present invention; 

illustrating timing flow when the RET is configured in a FIG. 59 is a table listing the SLC-96 facility datalink 

accordance with an embodiment of the present invention as pattern that can be transmitted from a VTG circuit; 

a terminal multiplexer, FIG. 60 is a functional block diagram of a Transmit Bus 

nG.39isaschematteblockandfui»ct^ Interface of a VTM circuit constructed in accordance with 

illustrating timing flow for VT mapping from VTG cards the present invention; 

and for STS-1 mapping from high speed extension (HSE) 65 FIG. 61 is a diagram illustrating the selection of transmit 

cards fox outgoing OC-3 in accordance with the present VT mwltiframe timing from either of two sources in accor- 

invention; dance with the present invention; 
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FIG. 62 is a functional block diagram of a VT Path 
Generation Module constructed in accordance with and used 
in connection with the VTG circuit of the present invention; 

FIG. 63 is a flow chart illustrating a sequence of steps in 
a VT pointer generation algorithm in accordance with the 
present invention; 

FIG. 64 is a functional block diagram of a DS1 Receive 
Interface constructed in accordance with and used with the 
VTM circuit of the present invention; 

FIG. 65 illustrates the relationship of the controL data and 
clock signals associated with the Receive Bus Interface of a 
VTM circuit in accordance with the present invention; 

FIG. 66 illustrates Receive Bus Interface pointer adjust- 
ments in accordance with the present invention; 

FIG. 67 illustrates the relationship of the control, data and 
dock signals associated with the Transmit Bus Interface of 
a VTM circuit in accordance with the present invention; 

FIG. 68 illustrates Transmit Bus Interface pointer adjust- 
ments in accordance with the present invention; 

FIGS. 69 and 70 illustrate VT Interface output and input 
signals* respectively, in a VTM circuit in accordance with 
the present invention; 

FIGS. 71 and 72 illustrate DS 1 Interface output and input 
signals, respectively, in a VTM circuit in accordance with 
the present invention; and 

FIG. 73 illustrates the timing of the VTM circuit micro- 
processor interface in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before discussing the system of the present invention, the 
reader should be aware that there are several basic back- 
ground documents which express desired end results in the 
form of system descriptions or which set standards. These 
documents have been prepared so that equipment manufac- 
tured for use in or with telephone systems in North America 
will be compatible with other equrpimmt existing or future, 
and so that such variables as frequencies, bit rates, voltage 
levels and impedances can be selected with reasonable 
assurance that when system parts are joined, they will 
operate together as expected. These documents are pub- 
hshed by one or more entities such as Bellcore, IEEE and 
ANSL In the present application, familiarity with these 
documents is ?«<arm+A and the following are specifically 
incorporated by reference: 

Electrical Interface Standard for DSX-1. American 
National Standards Institute ANSI Tl. 102-1987 (1987). 

Digital Interface Between theSjC 96 digital Loop Carrier 
System and a Local Digital Switch. Bellcore Technical 
Reference TR-TSY-000008. 

Synchronous Optical Network (SONET) Transport Sys- 
tems: Common Generic Criteria. Bellcore Technical Refer- 
ence TR-TSY-O00253. 

Integrated Digital Loop Carrier System Generic 
Requirements, Objectives and Interface. Bellcore Technical 
Reference TR-TSY-000303. 

SONET Add-Drop Multiplex Equipment (SONET ADM) 
Generic Criteria far a Self-Healing Ring Implementation. 
Bellcore Technical Reference TR-TSY-000496. 

Bellcore Technical Reference TR-TSY-000909. 

Also, for the reader's convenience, a glossary of 
abbreviations, initials and acronyms used with telephone 
equipment (and used herein) Is provided in Appendix A. 

In general terms, the system of the present invention 
provides connectfvity from the customer or subscriber pre- 
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mises to the central office (CO) switch. To put the system in 
context, FIG. 1 shows a general block diagram of a system 
including a central office switch 2$ with switching and 
interface equipment connected to a multi-channel feeder 12 

5 which can be a SONET (Synchronous Optical NETwork) 
fiber optic link (typically OC-3 or OC- 12. 155Mbps and 622 
Mbps respectively) used to transport multiple digitized 
channels (up to 6048 for OC-3 rate) from the switch 29 to 
a Remote Digital Terminal (RET) 24. which is located in a 

10 CEV (controlled environment vault), cabinet or business 
location in die vicinity of the users. A SONET cable is 
symbolized by a circle with double diagonal arrows. The 
RDT provides the conversion from the SONET feeder signal 
to the various drop-side interfaces. In accordance with the 

15 present invention, interfaces supported by the architecture 
include: 

POTS — Plain Old Telephone Service 
ISDN — 144 Kbps Basic rate and 1.544 Mbps Primary 
Rate 

20 Special Services— Includes pay phones, DDS data ports, 
foreign exchange, etc. 
Extensions— Tl (with and without DS0 switching at 
RDT). T3. STS-1 and OC-3 
25 FTTL — Fiber to the curb (equipment pedestal serving 
typically eight homes) or home. 
The present system comprises equipment located in three 
shelf types: a CES (common equipment shelf) 26. a CHS 
(channel shelf) 28. and a HDCB (hi& density POTS channel 
30 bank) shelf 3t. Each ROT 24 has -one_02S ^providing 

common functions such as: — --^ " ~*j 

Feeder interfaces (TU SONET) 
Mult^plexin^demiihiplrxing 

Time Slot Muttering— combining of DSOs or DS0 
35 groups for grooming or concentration. 
SyncluxMiization 
Facility test access ' 
Signaling processing and translation 
40 Interfaces for non-groomed extensions (Tl, T3. STS-1 
and OC-3) — 
Control and administratioo including local craft interface, 
embedded operations channel (EOQ support (SONET 
ffatneomm channels. TR-303 EOC Common Signaling 
45 Channel (CSC) andTime Management channel (TMQ. 
TR-8 datalink channel) and operations support systems 
(OSS) channels for connection to remote administra- 
tion systems. 

The CHS 28 houses a variety of channel unit (CU) 

so modules, each of which supports a certain type of subscriber 
service, It provides a time slot interchange capability to 
convert line terminations to the appropriate feeder STS-1 
time slot This shelf can support existing channel units for 
the Series 5 DLC system, (except the Digital Connectivity 

55 Unit), as well as new channel units. The HDCB houses new 
high density POTS channel units and a small quantity of 
special service channel units. In the eintoaUment shown, the 
service offered by this high density card is restricted to 
POTS in order to achieve lowest possible cost for this 

60 pervasive service. 

FIG. 2 shows in block form a universal digital loop carrier 
(UDLC) system and introduces a number of different central 
office configurations which can be used to solve the network 
transition problem by providing an interface with existing 

65 central office switches. FIG. 2 also shows some of the 
expected feeder options. It is understood that not all of these 
feeder options would usually (perhaps ever) be employed in 
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a single system. Block 31 represents any of a variety of allow for future configurations and growth, the SONET 

different kinds of links, Lc, transmission equipment and/or terminal portion of the DLC provides an architecture that 

media used by a telephone company. A link can be. for can accommodate an upgrade to OC-12 from the basic 

example, Tl. SONET, multiplex, microwave or wire. The OC-3. It allows for local dropping of the excess bandwidth 

remote end of the link is typically Tl or SONET. 5 in future configurations as an add/drop multiplexer, and 

The most common loop interfaces fox currently deployed allows for use as a member of a SONET ring structure. The 
central office switches are analog copper twisted pair cables tennination of me OC-3 (ox OC-12) bandwidth provides an 
33. An aiudog cable of mis type can opportunity for use of more bandwidth man the standard 
channel 34 using a COT 35 having a CHS and CBS in TR-TSY-303 DLC (28 DSls). The OC-3 bandwidth sup- 
accordance with the present invention, the CHS and CES io ports three DLC RETs, ox a smaller number of RDTs with 
rbeing substantially the same as those used m : the ROT. ~. bandwidth to spare. The bandwidth beyond the first RET 
Integrated DLC system interface to switches%'means of needs to be available for other uses, requiring the add/drop 
TR-8 compatible Tls for supporting SLC-96 and Series multiplexer configuration. Drops are preferably available as 
5-ty])e^DC^ystons and soroe TR-303 coim>atible Tls for DSls and DS3&, and also as OC-3, CTS-1 clectricaL quad 
newer DLC systemsTFIG. 2 shows that these scenarios can 15 DS1 optical and other formats so mat the subscriber can 
be supported with configurations of the same equipment utilize the OC-3 (or OC-12) bandwidth, 
used in ROT 24. Analog interfaces can be supported by Using the SONET signal for DS1 transport requires 
using the SLC-96 COT (central office terminal), considerable signal alteration. The SONET signal contains 

Tl interfaces 36 or 3? from the switch can be Disponed several layers of added overhead and multiplexed iiScri^v- 

over transmission facilities and interface with the RET using 20 ing on top ofthe DSL The DS1 is embedded wimwdrvidual 

theTl feeder interface. This configuration is called an IDLC overhead into a vhrtial tribiitary (V^ 

(integrated DLC) system. The present system can support a virtual tributary is a OWETtOT 

bothTR-8 andTO-303 systems using Tl interfaces. SONET the total amount of data carried by an optical channeL or to 

optical transport 12 can be used with an roUT-cqinpped a portion of the total data capacity of the optical channel, 

central office switch by using the system of the present 25 VTs of various sizes are designated by a number following 

invention configured as a UOT (universal digital terminal) the initials, e.g.. VT1.5. just as the optical channel itself is 

32. The UOT requires only the comn»n ajuirnnent shelf to designated with a number to indicate channel capacity. e-g.. 

convert the Tls into the SONET orrftcri signal Tlie SONET OC-3 or OC-12. 28 virtual tributaries are embedded with 

feeder case has been discussed above. overhead into ail STS-1 (synchros signal) and 

As backpound information, the PSC-5 is a system of 30 finally the STS-ls are miiliiplexed wim 

small size, basically two co-located modules of 96 channels OC-3 (3 STS-ls) or OC-12 (12 STS-ls) signaL 

sharing some coinmon equ^ment, the size being cootrolled TR-TSY-303 specifies message-based ccmumimcations 

by the historical availability and use. as in a PSC-96, of on the DSOs allocated as the HOC (embedded operations 

groups of 4 DS1 trunk feeders. The availability of SONET channel) for administration and maintenance, and theTMC 

and cheaper fiber optics as a transport mechamsm, as well as 35 (time-slot inanagement channel) or CSC (common signaling 

the perceived need for larger bandwidth and flexibility to chaiind) lor tune stot assign 

support future digital services, has perrnitted the definition of the present invention is modeled in an object-oriented 

by Bellcore (mTR-TSY-3Q3)of a28DSl groimasthebasic manner to allow use of ASN.l (abstract syntax notation 1) 

interface twildingblocc messages for DLC control and maintenance. Ail adminis- 

and its group of channels. The size cf this 28 M 40 trative comiramications between the switch and the DLC 

channels (7x96). requires a system with multrple shelves to (except CSC/TMC which do not use ASN.l) are defined as 

support it in comparison tome PSC-5 siinjfc unit which has being in ASN.l. In addition, (he system of the present 

a single module of shelves mat supports both common invention supports Tl^ 1 messages for SONET maintenance, 

equqjment and 1 92 channels. Multiple shelves in the system for DLC test and test access, and for craft tenninal access, 

cf the present invention provide the ability to configure 45 Furthcnnore. me present system sin^wrte the existuig PSC-5 

small systems and to provide smooth growth without incur- cc^npatible relay alarm interfaces with relay contact 

ring unreasonable cost penalties at any growth increment. closures, external contact sensing, alarm cutoff, and option- 

The preferred growmimaem^ ally the telemetry byte-oriented serial (TBOS) interface, 
reasons including the fact that it is one carried by integral Thus, the system of the present invention supports many 
lumbers of DSls (4). m order not to burden mis repeated 50 stages of signaling evolution. It supports TSI (time slot 
increment of channel growth with common equipment interchange) control and channel signaling transport from 
whose function can be shared, the bit-oriented PSC-5 . hybrid signaling using the TMC for 
put in a separate comrnoa equipment shelf. As will be seen TSI control and call set-up and in-band robbed bits for 
below, the common fiuKxions are much increased from the Instate TR-TSY-303 signaling, and the use of the CSC for 
PSC 5. and arc not rrn^aHy RfmrmH^^ ™™ • limited 55 both message-based call control and channel signaling, 
group cfcrumnd units. As the co^ now need When SONET feeders are used, the channel signaling is 
to support a larger number of channels, the functions are carried in the VT1.5 overhead, and preferably only coo- 
supplied in a redundant manner to prevent any failure from verted torobbed-bit format at the terrninating end if needed, 
causing significant loss of channel service. This makes synchronization easier and prevents multiple 

The architecture required is fairly straight-forward when 60 -bit robbings'* in different multiframes. which would 

fed only with DS Is. but when optical feeders are introduced degrade signal quality. It also makes use of dear channels 

the problems and opportunities expand dramatically. To easier. In addition, per DS0 channel ATS (Alarm Indicauon 

cope with the embedded SONET, the DLC system of the Signal) or UNICODE are dete ct ed and supported by asso- 

present invention preferably also acts as a SONET terminal. dated tru nk conditioning, when using a SONCT feeder, 

processing the SONET overhead, measuring and reporting 65 mTSYr303 requires 'mcm-imadmagp and assign- 

oo SONET errors and error rates, and using the SONET ment Thisisreqiiiredte 

communications channels for maintenance commands. To (672 channels). This channel group can service seven 
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96-line shelves of channels without concentration. The' 

prr^nt mytfran nlkwft-lfiterrhangft *nd ftQgjpnm^n t to any of 

die available OTL Thte alktws ^ 
into any ofjbOOpe^ as 
recrcanizingjubs cr^^ different data paths. 

x Test sys tems lire evolving also, and the system of the 
present invention accommodates the evolving test environ- 
ment, ft is compatible with existing test systems and with 
use of the current loop and channel test facilities. It is 
capable of migration to the use of an integral remote test unit 
and to communication with new test operations systems. 

It can be seen from the discussion above that the require- 
ments and internal architectural needs of the system of the 
present invention axe different from the PSC-5. 
Consequently, the architecture is different except for places 
where compatibility is required to accommodate compat- 
ibility with existing equipment such as channel units. 

Internal coordination of activities between the cards in the 
CES and CHS is through several message-based LANs, All 
cards in the CES preferably communicate via a redundant 
backplane LAN providing a CSMA/CD physical layer and 
LAPx (Link Access Procedures on channel A. B, C OR D) 
link and network layers. Cards in a CHS communicate via 
a sing) ^-i^ ^ T A""lttplii -wLive link Series 5 cards use a 
single-word addressing scheme known as the Old Message 
Line. Cards unique to the system of me present invention use 
a variable-length message system known as the New Mes- 
sage line. Connection between the CES and the CHS is via 
dedicated DSOs from the Signaling Control Proc«sor to the 
CSPs running an HDLC protocol 

The overall system operations support environment of 
TR-TSY-3Q3 is more com p r eh e n sive than that of the prior 
art DLC The new environment described includes integra- 
tion of OSSs (operations support systems) for provisioning. 
m»int*nanrft and testing, and their interfaces to the DLC 
equipment. The system of the invention provides the needed 
support interfaces, yet provides a means to interface the 
functions to the current OSSs and to service personnel It is 
able to migrate to use of the new OSSs when they are 
available. This is done through the use of an interim super- 
visory system mat provides both direct interfaces to the 
system of the present invectke and a gateway to OSSs when 
not available elsewhere, m addition* if a terminal (UDT or 
COT) of the present invention- is provided at the CO. an OS 
port is provided at the terminal. 

The system of the present invention also incorporates 
integrated test abilities. The current DLC system can test 
POTS services, but the advent of fiber feeder requires 
expensive external testers to test loops and there has not 
been a good way to test special services in the current KTs. 
The system of the present invention integrates a test archi- 
tecture compatible with that defined by Bellcore, and pro- 
vides significantly enhanced test capability over current 
systems. 

The new DLC presumes an increased emphasis on digital 
services* especially those based on ISDNs (integrated ser- 
vices digital networks) and the new operations system 
enviromnent To provide flexibility for new digital services, 
the system architecture of the present invention has been 
designed with the ability to provide much larger bandwidth 
to any subscriber man the current DLC systems and yet be 
4¥**tm«iA»«i when providing standard POTS services. The 
channel shelf provides up to 27 DSOs (a virtual tributary) 
from every two slots, or up to 12 DSOs from every slot 

As shown in FIG. 3. when equipped with DS1 feeders, me 
system of the present invention can support up to 28 DSls, 
providing the ro»xiTP"ro feeder interface size specified by 
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TR-TSY-303. CBS 26 is shown with two Access Shelf Ring 
Gateway (ASRG) cards 38 and 39. one each for A and B 
optical communication loops 41 and 42, which will be 
described in greater detail On the channel side, with 8 
additional shelves, for example, the system can support up 
to 1536 DS0 channel services, providing TSI and concen- 
tration for those channels. This requires the use of quad 
POTS CUs. The TR-TSY-303 specified maximum is 2048 
channels, which can be supported by the described archi- 
tecture using additional shelves or higher line density chan- 
nel shelf distribution such as high-density POTS or fiber in 
the loop. The architecture can support an even larger channel 
group by dividing it into mnluple virtual RDTs. 

When equipped with a SONET feeder as shown in FIG. 
4. the system of the present invention can support three RDT 
groups of 28 DSls (the 84 DSls total conuxising the OC-3 
payioad). Each RDT 28 DS1 group can support 672 feeder 
circuits concentrated from 2016 DS0 channel services, pro- 
viding TSI and concentration for those channels within each 
RDT group. Each 28 DS1 group will occupies a SONET 
STS-1 payload. This allows a system maximum size of three 
RDTs totalling 6048 DS0 channels. Note that the full 
utilization of this capacity requires channel shelf distribution 
for 2016 channels per ASRG card. TR-TSY-303 specifies 
that each RDT occupy a complete 28 DS1 space on the 
feeder when entering the SONET path. The SONET termi- 
nating equipment is defined to provide the capability to then 
groom me used DSls onto the SONET feeder path. In 
integrating the SONET terminal each RET is never required 
to appear as "28 DSls** and can be directly groomed onto the 
SONET path in the common shelf, providing economy and 
flexibility in use of feeder interface bandwidth. 

The architecture also provides for future SONET add/ 
drop capability, and future expansion of SONET feeder 
bandwidth to OC-12 with capability to configure the feeder 
linearly or in a ring. The overall DLC system architecture 
supported by the system of the present invention preferably 
covers a wide range of DLC configurations, both to broaden 
the market acceptability and to ease transition between 
current switches and the future TR-TSY-303 switches. 

Changes in technology have resulted In several genera- 
tions of switches which means that a new system preferably 
has backward compatibility with several levels of technol- 
ogy. The progression of switch technology to be interfaced 
by the present system is: 

1. Analog Loop Terminating* requiring a universal con- 
figuration with SLC-96 COT. This can use DS1 or 
OC-3 feeder to the FT depending on the transmission 
requirement 

2. Integrated TR-008, requiring surxrframe DSls with AB 
signaling, TSI control for SLC-96 mode 2 concentra- 
tion carried in the data link, and POTS test access and 
test termination control carried in the data link. This 
requires the RDT to have DS1 interfaces unless a 
system of the present invention "Universal Digital 
Terminal** is used at the central office to convert the 
DLC optical feeder to TR-008 interface to the switch. 
The UDT in this instance serves as a byte sync SONET 
MUX and an OIM. An alternative in transition is to 
transport the async DSls on an async SONET path. 
One RT then has to provide asynchronous terrninarion 
of VTls, DSls. and data link extraction in a SONET 
environment far ease of transition. 

3. Integrated DS1 TR-TSY-303, requiring extended super- 
frame DSls. with locally switched services using: 
Hybrid signaling (ABCD robbed-bit signaling phis 

TMC TSI control), or 
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Common Channel Signaling, (with both signaling and 

TSI control earned by messages in me CSC). 
Non-Switched services using ABCD or AB (ABAB) 
robbed bit signaling in-band. TSI glooming control 
for the non-locally switched services is carried over 
the EOC from the memory administration OS. The 
TSI timeslots are "nailed up." 
Non-locally switched services using AB or ABCD 
robbed-bit signaling in band. TSI grooming control 
is via the EOC from the memory administration OS. 
The timeslots are permanently allocated and there is 
no per-call time-slot management (unless configured 
as a separate virtual RET). 
These services can use DS1 RDT feeders or OC-3 carried 
as async or byte-sync mapping. 
4. Integrated SONET TR-TSY-303, requiring SONET 
byte synchronous optical interface at the LDS (Local 
Digital Switch), and DSO transmission in virtual tribu- 
taries to the RET. This requires the u sc of CSC Carrying 
signaling and TSI control far locally switched services. 
»fwi Aum cl gwaKng with POT memory administration 
TSI control far non-locally switched services. This 
requires use of integrated SONET at the RDT or DS1 
feeders with an external byte sync MUX. 
The system of the present invention provides both a DS1 
feeder interface and an OC-3 (or OC-12 Add-Drop Multi- 
plexer or ADM) interface. While the LDS is limited to CSC 
use with optical feeder interface (the case specified by 
TR-TSY-303. SuppL 2), the system of the present invention 
is not. This is useful to accommodate configurations using 
DS1 LDS/IDT (Integrated Digital Terminal) interface and 
requiring optical feeder, when TMC or CSC can be used. 

lb allow termination of asynchronous SONET muxes 
with an integrated SONET interface, the system of the 
present invention provides asynchronous termination of 
VTls, DSls, ami datAlii* extract 
asynchronous SONET environment 

To provide flexibility in load equalization, referring to 
FIG. 5 . the system of the present invention permits the user. 
Le^, the BOC to define groups of channels fed by groups of 
DSls or SONET VT1.5s as virtual RMV Each defined 

gpnrpp «f ftmnnrii aiyf «?ffffriatf4 Pfil a appears to the switch 

as a complete stand-alone RET. A single RDT 24 can be 
divided in mis way into a maximum of three TR-TSY-303 
groups (virtual RDTs), each of which appears to the switch 
like an independent RDT from the point of call processing. 
TSI control, and adininistration. Within each virtual RDT. 
concentration is pa formed within mat group of DSQs. 
allowing each group to have a different concentration ratio 
dependant upon the traffic need. This allows the BOC 
network administrator to reassign or regroup c h a nnels to 
different lETs and switch ports to even out the traffic applied 

to the switch portt amf nptirm^^ utilisation and service. The 
BOC can determine which subscriber channels go into 
certain feeders and can assign across the whole feeder and 
channel bandwidth*. Each of the groups can have concen- 
tration ratios assigned within theTR-TSY-303range of 1:1 to 
9: 1, from a remote location without having to go to the RDT 
and physically change any equipment 

This is distinct from the standard view of the 28 DS1 
group as an RDT. although the maximum size of the RET is 
still 28 DSls, whether the RDT is a virtual RDT or a single 
2016 channel DLC system. The virtual RDT. from the view 
of the LDS/IDT is a complete RDT, having its own EOC and 
its own TMC or CSC to manage its concentration. 

The system of the present invention can architecturally 
support seven virtual TR-8 ROTs. This flexibility allows 
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deployment of a single system of the present invention as the 
equivalent of multiple TR-8 systems, with groups of 95 lines 
each optionally providing the SLC-96 Mode 2 
concentration, or as multiple TO-TSY-303 RDTs. of varied 
5 sizes and concentration ratios, or even as a mix of TR-TSY- 
303 and TR-8 systems. It also provides for multiple 964ine 
RDTs as required by AT&T generic switch software 5E8. 
This virtual RDT capability is available when using the 
SONHT or DS1 feeders. 

10 Common Equipment Shelf Hardware 

As mentioned above, the system of the present invention 
comprises mice basic hardware elements: the common 
equipment shelf (GES) 26. the channel shelf (CHS) 28. and 

15 the auxiliary shelf, which is illiistrated aspart of the CES 26 
although it can be a separate shelf. Each of these compo- 
nents is described in detail in the following sections. RDT 
mountings allow access to the rear panel and b ackplane. 
The CBS provides all of the centralized functions of the 

20 system of the present invention. The CES interfaces to the 
feeders) on the network side and from 1 to 8 channel 
shelves on the subscriber side. A system block diagram, 
showing the various signals into and out of the CES and 
auxiliary shelf, is shown in FIG. 6. The feeder interfaces can 

25 be SONET OC-3. OC-12 or DSls as shown in the figure. As 
sdiematically iixlicatcd, each channel bank has a plurality of 
channel unit shelves 28, depending on the size of the system, 
and the individual channel units in each channel shelf serve 
subscriber devices such as individual telephone instruments 

30 29. data tiaiisimttcrAcccivcrs or the like. Normally, two 
telephone instruments are served by each channel unit 

A more detailed block diagram of the CESJ6.and.the 
connections to the channel shelves 28 are shown m FIG- 7. 

35 This figure shows the module partitioning, major 
functions, and basic signal flow. The descriptions below are 
intended to give a brief overview of the CES. More detailed 
descriptions and requirements for each card in the CES can 
be found in the remainder of this section. The self- 

4, monitoring functions are capable of monitoring hardware 
and software troubles. In this figure, the dashed lines indi- 
cate collections of an internal LAN for administration and 
the solid lines indicate signal/data flow and busses Bl. B2 
and R3. 

45 The OC-3 (OC-3 TXZRX LR) optical interface cards 5# 
perform the optical-te^ectrical conversion function, as well 
as OC-N to STS-1 demultiplexing. As with most of the 
signal-flow cards in these units, there are two usually 
identical cards, one each for channels A and B. STS-1 

so Synchronous Payload Envelope (SPE) pointer processing is 
also performed by the OC-3 card. Other functions performed 
by the OC-3 card are Section. Line, and Path Tennination 
functions which indude alarm detection, performance moni- 
toring and allowing other- modules to access both the DCC 

35 (Data Comrnunications Channel) and AOW (Alarm & Order 
Wire) fields. 

The demultiplexed STS-1 streams are then fed on Bus 1 
to the STSM (STS-1 Multiplexer) module which contains 
the STSM cards 51 . The STSM cards provide STS- 1 Space 

60 Switching and the capability to Add/Drop STS- 1 streams 
to/from High Speed Extension Cards (HSEXT) 67. The 
STSM provides a parallel STS1 data interface on Bus 2 to 
the VTG/Quad DS-1 (VTG) cards indicated generally at 53, 
The STSM cards also perform diagnostic ioopbacfcs to 

65 diagnose and isolate faults on both the OC-3 interface side 
and the VTG side of the STSM. There are seven VTG cards 
and one standby VTG. Each VTG card provides termination 
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for four VT1.5&. The VTG cards can handle floating Byte- The synchronization of the system of the present inven- 

Sync and Floating Bit-Asynchronous payioad mapping as tioo is controlled by 1:1 redundant SYNC cards 64. Each of 

required by TR-TSY-3Q3. In Floating Byte-Sync mode, the these cards can select one of six fundamental timing ref er- 

DSOs within the VT are accessed and aligned to the internal ences as a source to provide all of the internal timing 

frame timing. The VTG output is Locked Byte-Sync payioad 5 inquired by the system of the present invention. These 

mapping, with the VT1.5 path overhead bytes no longer sources are one of two DS1 BITS (building integrated 

required. This Locked Byte-Sync STS-1 is output In parallel timing supply), the receive dock from one of the dgbt VTG 

on me CE internal bus 3 to befiirmer Processed by the cards 53. one of two OC-3 docks, the syiK from the adjacent 

Sgnaling Control Prccessor (SCP) cards 5* For Roaring SYNC card or the internal teinperature controlled crystal 

io oscillator (TCXO). Each card reqtiiring dining from the 

parento* trough the VTO cards 53. SCP cards 54, ASRG SYNC ^ schas ^ primary ^ b&c ^ SYNC 

cards 38 and 39. and throufih optical ring paths 41 and 42 to ? „ 9 * M * M , w * u ^ r ^T^^t™^^ / 

« ™" ^ w * u TJv«r« j 7 tL . .i. cards to allow protection switching of the SYNC cards, 

a Channel Shelf Processor card (CSP) 57, and finally to the ^™ w i»vu^uvu »wu«mig w uc oi^™ 

channel units 59 where it is processed. DTAU (digital test access unit). MTAU (metallic test 

The SCP card 54 converts the Locked Byte-Sync VT access unit), and CTU (channd test unit) testing functions 

format to a unique Locked Byte-Sync format To accomplish 15 are also contained in the Auxiliary Shelf (ATJXS) but are not 

this, the si gnaling bits refltujnM in the VTs are reformatted shown 1 in FIG. 7. These cards enable full test access to the 

so that all the signaling bits for a given subscriber appear in digital bitstream. analog loops, and analog channels (inward 

the same byte. The SCP also performs DSO Unicode and from the loop). By utilizing a RTU (remote test unit), remote 

Yellow Alarm processing on a per- subscriber basis and testing is possible. The CTU provides channel tennination 

translates signaling between TR-TSY-303 mode and 20 and signaling detection under control of a PGTC (pair gain 

TR-TSY-8 mode, as required, on a per-subscriber basis. test controller), and provides loop switching to external 

After the VTUs have been processed and reformatted by bypass pair access. 

^ SC £ t! ^ ^^"^ » 28 DS1 feeders or extensions are also available from the 

adds the STS-1 Path and Transport Overhead and then _« _ . — /Cim-rfr.™ nr 

converts the 51.84 mcgaherte (MIfa) data stream to an 25 ^ These PS Is can be SP or BSF (Superframe or 

o^^siSaL 1ms oS dgnal is men broadcast to all P* 0 ^ j*3E^> aBd T M ° A *fL°f " 

SlSsoa a£p£al total ring indicated generally SONCTfloaring mode VT XSf^Mindan 

at 58. IHe ring mdudcTtwo separate paths 41 aid 42 on the DSls can be TR-8 or TR-303 formatted. The 8 DS1 

which signalspass in opposite A and B directions. interface cards (VTG) 53 each have four duplex DSX-1 

The optical signals are converted ba^ M interfaces, ammgedin a L7 eqinpment protection scheme, 

in the channel shelf 28 by the Optical Hectrical Interface In the case of a VTG module failure, the complete module 

(OH) cards 6*. Two OEL cards are associated with each (4*DS1) is switched off the bus and the 8m VTG module is 

CHS 28. one each for the A and B portions of ring 58. These switched onto the bus. The DS1 feeders can be transported 

signals are then fed to a Channel Shelf Processor (CSP) 57. to the ROT on SONET and terminated on the VTG/QDS 1 

The CSP recovers the STS-1 dock and data and then card. 

performs STS-1 pointer irocessing to lc<^ the SIS- 1SPE. 35 Slots are also provided in the CES for a 1+1 redundant 

The CSP men performs rate conversion on the VT payioad Speed Extension capability shown at 67. These higher 

and passes the VT DSO Byte-synch^ bandwidth extensions are usually only of use with OC-12 

channel units. In the case of Async services* the CSP passes optical interfaces due to the bandwidth limitations of OC-3. 

the VT tansparently, without timing mom^a, to the ^ dot M a number of extensions, including 

^T^TlfJ^? ^ OC-3. 3*SI^1 3^, or PUlsecom low-cost mtofaccT 

pulse digit collection and insertion. DSO grooming and . . _ t . 

Dynamic limesk* Assignment (blocking). ISDN D channel AH cards in me CBS receive power from 1:1 redundant 

multiplying , and alarm processing. touIk power supplies, not shown, which are powered from 

ITiecontrol of the entire system cf the presem iirvention **-4& v<A DC feeo\ Eachcard in the c«miion shelf has a 

is maintains! by one 1:1 redundant processor group com- 43 dedi c a t ed pinout to the backplane on which is har&coded 

prising two boards. These boards are the Network Element via ground open conne ctions us ing a unique combination 

Processor (SEP) 62 *^ the Qtgnniing Control Processor that allows the card to determine which one of a particular 

(SCP) 54. Network element control OS! (open system card group it is. A maximum of three bits is required, as the 

mterconnect) protocol processing, signaling processing and maximum group of cards is preferably eight (quad DS1 

database functions are contained in the NEP/SQ* processor so extension). Redundant card pairs only need one bit. 

group. The NEP and die SCP cemmunicate with each other OC-3 Card 
via a memory readVwrite interface. The SCP also contains a 

redundant LAN interface, shown by the dotted lines, to The OC-3 card block diagram is shown in FIG. & The 

enable it to communicate with the redundant NEP/SCP OC-3 card 50 is the optical interface for the system of the 

group as well as with other cards in the CES. The commu- 53 presemmvention- The card interfaces to the network via two 

ideation is also extended to die CUs 59 via embedded data optical fibers ft and 70 that carry an OC-3 level signal one 

rtmnn^ig in th** STS-1 — * «tgfi«, *tkwing rrtmirniateation for transmit and one for receive. The transmitter complies 

with both common shelf and channel shelf cards. All other with SONET intermediate range requirements. D handles the 

cards in the system (with the exception of older CUs) have Section and Line overheads for an STS-3 signal and the 

on-board rmcroprocessors which deal with real-time pro- 60 Path overhead for three STS-1 signals. The card performs 

cessing. This keeps the real-time processing required by the pointer processing in the receive and transmit directions to 

nrwin prm*xiw* to * minimum Thfe rttll-pmreuang fanriicMi adjust the received frequency and the transmit frequency to 

is preferably the only major function which requires real- the internal frequency. 

time processing by the NEP/SCP processor group. The OC-3 card is considered a part of the facility, and 

The following functions are not located in the main signal 65 failure of an OC-3 card is equivalent to a facility failure. In 

path but are contained in the CES. A brief description of how both cases, a protection algorithm switches OC-3 cards. For 

these functions fit with die main signal path is given below. equipment failures the arbitration algorithm decides from 
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which card the STS Mux should read received data. Pro- line PM is based on the B2 byte of the first STS-1 that 

tection can be set to 1:1 or 1+1. indicates BEP-8 errors. BIP-8 and pointer adjustments are 

Data Communications Channels (DCCS) and order wires accumulated as raw counts for the ctnient andltofifteai 

(OWs) arc recovered and forwarded to the SOP cards «3 and minutes. The parameters specified in T1M13/92-0Q51 are 

AOW cards 165 for handling. The DCCs and OWs from 3 computed and accumulated for the current and last fifteen 

those cards are inserted into the OC-3 signal Automatic mi™* intervals. Protection switching count and duration 

Protection Switching (APS) is locally handled. The card arc provided for the current and last fifteen minute intervals, 

coinmunicateswim die STS Mux cards through two parallel Loss of parity (LOP). Line far-end receive failure (FERF). 

19.44 Mhz busses. Bus selection is based on bus diagnostics. and Line AE alarms arc monitored in a control circuit 8L 

An optical^ectrical interface 71 converts the optical 10 or T^^t ^jf*^ 

signal nitoan Emitter Coupled Logic (ECL) serial stream. A VT AB is forced, in the receive owctton. For Line AB. 

doXecovery circuit 72 on the ciird recovers the dock and line FERF is transmitted. Transimtti^alanns are in accor- 

data from the ECL stream and forwards them to a synchro- dance with the rraved status for noo-rmg^r^ons^ and 

nizer 73. TTie synchronizer synchronizes on the signal f< wi*meoterc-3carf^ 

( descrambles it and forwards it to the SONET overhead 15 DCCs and OW are conveyed in the same streams as the 

ierniiiiatS^iiTOit 74 a&a 19.44 MHz cight4nt wide paralid Section DCC and OW. 

data stream, SONET overhead terminator 74 performs Palh^ttftMiuuice.M^ 

Section. Line and Path termination for the whole STS-3 bytes mat indicates HTP-S errors and on the far-end block 

signal, including alarms mooitQring. performance monitor- error (FEBE) bits. BIP-8 and *KHK errors are accunniiaied 

ing (PM). DOC and OW-iecovery and APS handling* and 20 as raw counts for the current and last fifteen minutes. The 

also performs poiiite parameters specified in TIM 13/92-0051 are computed and 

the STS-3 to adjust the frequency to the internal frequency accumulated for the current and last fifteen minutes inter- 

and frame pulse. The dataaloiig wim its r^ty bit. dock, and vals. FEBE is transrriitted in accordance with the receiver 

frame pulse is forwarded to the STS Mux cards through two status for non-ring applications, and with me other OC-3 

eight-bit paralid busses 76. The DCC and OW are for- 25 card receive status for ring applications, 

warded to the SOP and AOW cards 63 and 65. respectively. LOP, Path AB and Path Yellow alarms are monitored, ff 

In me traiismtt direction, eight bits paralid data, along LOP or Path AES are detected STS Path Yellow is 

with its parity Ml. dock, and frame pulse arc recdve4 from transmitted, AB is indicated in El. and VT Path AB is 

me SI^ card 51 through th^ 30 forced, in the receive direction. 

data are forwarded rlrroughapamAB selector 78 to SONET Syncnronizer 73 also can provide loops for maintenance 

Overhead *-rn»™tc* 74, which adds the Section and line and fault isolation. In Loop Terminal mode, die received 

overheads for me whole STS-3 based on the serial stream signal is replaced with the transmitted signal; the transmit 

from the SOP and AOW cards. Path Overhead can be added signal is passed to the line. In Loopback line mode, the 

by the SONET Overhead Terminator, or passed transpar- ^ transmitted signal is replaced with the received signal after 

early from the paralid input. Selector 79 chooses between regeneration; the received signal continues to be fed to the 

tiarismit transport overhead serial access port data signals equipment 

frc«n the SOP cards, /ffSADIan^ Timing selector 83 selects one of two groups of dining 

selected signal to overhead terminator 74 to control the signals A and B from the two redundant SYNC cards 64. The 

access functions. Alarms are added by selector 78 based on ^ SYNC cards 64 produce signals to indicate which one is 

the receive status for nooning operations, on me other OC-3 producing valid riming , and this iriformation is provided on 

card receive status for ring operations, and on the STS-1 syncfrul A and syncfail B lines to selector 83 along with a 

receive status from the active STS Mux card in ring opera- timing select signal from control unit 81. On the basis of this 

don. The data are then fo rwar d ed to synchronizer 73 that information, the selected tuning signal is provided to over- 

soambles it and converted 45 head t»*mtiwtnr 74 as a dock for the system side. The 

An elecoicaMo-optical interface 80 converts the serial selected timing signal is also multiplied in frequency mul- 

stream electrical signal into an optical signal and transmits tiplier 84 for delivery to synchronizer 73. The multiplication 

it to the optical fiber 70 with a laser. is necessary because the maxirmim frequency of the timing 

Section^ (PliQ m a control section 81 is signal out of selector 83 (19.44 MHz) is less man that needed 

based on the Bl byte mat indicates BIP-8 (byte interleaved » for synchroriizarioo at the OC-3 rate (155.5 MHz) in syn- 

parity) errors. BIP-8 errors are accumulated as raw counts chronlzer 73. 

for the current and last fifteen minutes. The parameters 1:1 and 1+1 facility protection architectures are sup- 
specified in T1M13/92-0051 are computed and accumu- ported. In 1+1 arctiitecture the transmit signal is bridged to 
iated for the current and last fifteen minute intervals. Laser both OC-3 cards; the default operation mode is umdirec- 
transmit power and bias current far the optical fiber trans- 35 tion&L Id both cases, the Kl and K2 bytes are handled. The 
mto are also monitored Kl and K2 bytes are defined in the SONET standards, 
and LOF (Loss of Frame) alarms are monitored. If LOS or Facility prelection switch forces a OC-3 active-to-standby 
LOF are detected, AB is indicated through El. and VT ATS switch. The whole facility protection algorithm is accom- 
is sent in the receive direction. The El bit is defined in the plished by the OC-3 cards without network element proces- 
SONET standard TR-TSY-253. «o sot intervention- The 1:1 protection switch operates as a 1+1 
The Section DCC and OW codes are stripped in die switch if the far end indicates 1+1 protection switch in the 
recefredrrectkmari^ K2 mode indication bits. 

with the whole transport overhead as a serial stream of 81 1:1 equipment protection switch is provided. A switch 

bytes. Two identical streams are produced for rcdundancy. takes place if the active OC-3 card fails and the standby card 

The DCC and OW are received in the same way from the 65 is operational. The only significant difference between the 

SOP and AOW cards; the OC-3 card can select from two active and stand-by OC-3 cards in 1+1 facility protection 

serial streams for redundancy. architecture is mat the STSM cards 51 receive their infer- 
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■nation from the active OC-3 card. An arbitration result from standby LAN carries short (less than 32 bytes) diagnostic 

an arbitration circuit 82 is sent to the STSM cards. On messages. The OC-3 card 59 communicates with th e NE T 

power-up OC-3 A has priority over OC-3 B to become 62, the adjacent OC-3 card, the SYNC card, and the STSM 

active. cards 51. CLEI (Common Language Equipment 

The OC-3 card 5* diagnostics are distributed between the 5 Identification) code and revision of the card can be read 

card, the adjacent OC-3 and the STSM cards 51. The OC-3 through the LAN. 

card performs internal diagnostic tests to verify its own Timing for the STSM busses towards the STSM cards 51 

functionality. These tests are the hardware monitoring tests is in accordance with the internal timing received by timing 

performed by the software (which includes memory and selecti on circ uit 83 from the active SYNC card 64. Timing 

peripheral checks and synchronizer to SONET Overhead to for the STTSM busses from the STSM cards is embedded in 

Terminator received alarms comparison), a hardware watch- the busses, 

dog that monitors the software sanity, laser power and bias The line timing is in accordance with the East or West 

monitors, SYNC card timing signals activity tests, and bus timing received from the active SYNC cards 64. In the 

parity checks in busses received from STSM cards. In the system of the present invention. East and West timing can be 

case that a parity failure is de tec ted, the OC-3 forces parity 15 synchronized to me internal timing. The OC-3 card transmits 

errors towards the STSM card for a preselected number of its received frame pulse to the SYNC cards as reference, 

milliseconds. A failed OC-3 card continuously forces parity ^ ^ following discussion of the individual cards, it 

errors in its STSM busses. should be recognized that each card can be reset by its own 

In 1+1 facility protection architecture, both OC-3 cards watch-dog or by activating the RSTEX signal After reset 

receive the same signals and they compare the alarms and 20 (he card is set to its default configuration. The arbitration 

FM through the LAN. If any discrepancies are found, the circuit decides if the card is active or standby. When 

standby OC-3 card performs terminal loopback and verifies inserting a card, it is heJd in reset until both sense pins make 

that its detectors are operational. A switch is then performed. contact When removing the card, it is reset as soon as one 

After the switch, the formerly active OC-3 card also per- of the sense pins is disconnected, 

forms terminal loopback and verifies its detectors to decide 25 

if the fault is in the card or in the facility. If the failure is in STS Multiplexer Card 

the facility, the OC-3 card FAIL signal is negated. The same The STSM caid block diagram is shown in FIG. 9. The 

verification is done whenever a facility switch is requested STS Mux card mediates between the OC-3 cards 50 and HS 

by the remote site after the facility protection is performed. Extension (HSE) cards 67 and the Bus 2 that is configured 

IF a SYNC timing signals failure is detected by the standby 30 ghnflar to a lelecamBus. The lelecamBus is defined in 

OC-3 cant it commences using the other SYNC card timing IEEE standard P1396. The STSM cards interface with the 

signals and immediately activates its FAIL signaL If the OC-3 and HSE cards with interface circuits 86 and 87 

active OC-3 card detects a SYNC timing signals failure, it through parallel 1944 MHz busses Bl and B2. Each STSM 

waits a selected number of milliseconds and then activates card conuxninicates with both OC-3 cards and both HSE 

its FAIL signaL The SYNC timing signals fail condition is 35 cards. The STSM card transmits the same data to both OC-3 

indicated to the SYNC cards through the LAN. cards and the same data to both HSE cards to pro vide 1+1 

The active STSM card 51 continuously monitors the facility protection. The data to be transmitted to Bus 2 is 

parity generated by the OC-3 cards. If a failure is detected, selected based on the OC-3 and HSE arbitration signals and 

the STSM card forces parity errors back: The OC-3 card can on Bus 1 sanity. The STSM card can access Bus 2 as an 

request through the LAN from either STSM card to force a Aggregate for the OC-3 cards, or as an Access for the HSE 

bus fail to verify the detection circuits operation. If the OC-3 cards. Timing for Bus 2 is derived from Bus 1, and timing 

detects parity or bus dock fails in an STSM bus, it forces for Bus 1 is derived from Bus 2. 

parity errors back for a limited period and uses the other Two STSM cards provide 1:1 redundancy. Each OC-3 or 

STSM as source of its transmit data. If both STSM busses HSE card selects which STSM card to use based on Bus 1 

fait the OC-3 card activates its FAIL signal, and an OC-3 sanity; QDS1/VTG cards select the STSM card to use based 

equipment protection switch occurs. on the STSM arbitration signal and Bus 2 parity errors. An 

The NEP communicates to the OC-3 card for any STSM arbitration circuit 89 decides which STSM card is active 

card removal or failure, and the OC-3 ignores the busses based on fail indications from both cards, 

connected to the missing card. 30 Iq the feeder-to-channel direction, data is received from 

The arbitration circuit is exercised by inhibiting OC-3 the OC-3 card by bus interface circuits 98 and 91 along with 

card switches in a STSM card through the LAN, and its parity, dock, J1C1 and SFE indicators. Parity monitor 

pcrfonning a dummy switch and switch back. The STSM circrit 85 on the card checks ti 

cards report the switch line change. and forwards the whole stream to Drop A Bus 2 for STSM 

55 card A. and to Drop B Bus 2 for STTSM card B through drop 

Backplane Interfaces bus interface circuits 95. 96. 97 and 98. 

The STSM busses (referred as Al and Bl) are two parallel In the other direction, data is read from Add A Bus 2 for 

busses running at 19.44 Mhz. The busses typically include STSM card A. and from Add B Bus 2 for STSM card B, 

eight bits of data, one parity bit, a bus clock, and framing along with its parity and J1C1V1 and SFE indicators 

pulses. The dock and frammgpiilsesaresyiwlm>nizedtome 60 through circuits 95-98 using the corresponding Drop Bus 2 

internal timing. clock. The card checks the parity in monitor circuit 88. 

The cards can be monitored and provisioned through two produce new parity, and forwards the whole stream to both 

open collector LANs. One of these LANs is also used for OC-3 cards. 

communication between cards for equipment or facility In the high speed extension-to-channel direction, the data 

protection. The dock for these LANs is produced by the 65 are received through interface circuits 92 and 93 from the 

active SYNC card 64. and is received as twoRS-422 signals. HSE card along with its parity, dock, J1C1 and SPE 

Preferably only one LAN is active at a time, while the indicators. The card checks the parity, generates parity. J1C1 
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and SPE signals mat comply with a STS-3 signal by adding Equipment protection of 1:7 is provided. The QDS 1/VTG 

dummy STS- 1 s synchronized with the OC-3 Bus 1 dock if card inserted in a first position is the Equipment Protection 

necessary, and forwards the data, parity, and generated Module and is referred as the EPM. In that card an EPM 

JlClVlandSPEsignabtotheAtf ^ era* m monitors the functionality of the other seven 

A. and Add B bus 2 for STSM card B through interface 5 cards through a DS1 or VT diagnostics bus and activates 

interface droits 95-98 from Drop A Bus 2 for CTSMcad isachi< ^^|^ flau -bnity of tbcparaUelBiisaaixl 

A and from Drop B Bus 2 for ST^ c^B along w*± its 10 ^ No NEP intovcation is required. 

^ ^™ I1C i"l A^L'ttti' The DSls connected to flic cards may use AMI or B8ZS 

panty. produces new parity, and forwards the whole stream ^ oodej ^ ^ esf. or SLC-96 framing format. Fferfor- 

to both HSE cards. mance monitoring parameters are accumulated for two fif- 

Backplanc Interfaces teen minute intervals. Perfarmaace Monitoring Reports and 

mSTSM busses referred to asMan^ ^^^^^^^^^^ ^ ^ 

cards, and as CI and " ^ mc J^ ^ s ^f «™ ^ SLC-96 data link concentration data is denounced and 

busses ruinung at 19.44 The ^^^^^ f^^xofhc^^Tht^csn^^Xr^s^on 

oipit bits ut uata. one psrity a ^us as*. ^<wng rf ^ mc ^ ^ ^ ©ommiinicate 

pulses. Tteclockaiidtiaiiiu^ 20 thioughacoiitiolmodiile Utwim the CTSM and SCP cards 

internal timing. through Bus 2. Parity is monitored in all busses, and active 

The feeder busses (referred as bus A2 and B2) are two bus selection is based on arbitration signals from the STSM 

lelccomBusses running at 19.44 MHz. The STSM cards cards (STSANB) and the SCP cards (SNGANB). 

access this bus as aggregates for me OC-3 da^ Seven different coniigurattons of the VT1.5 and DS1 

for the HSE data. Timing for the Add bus can be in 25 signal flow are described in the following. FIGS. 11A 

accoidancewim the Drop through 11F are provided to in direction of 

card includes BTL interfaces, ix^ interfaces using the com- data/signal flow through card 53 and these will be referred 

menial logic family known as BTL, to access mis bus. to in each of the configurations. 

The cards can be monitored and provisioned through two 1. For use of the DS1 as an extension, it is mapped as a 

open collector LANs lt+. These LANs are also used for 30 DS1 to VT float Async feeder. On the DS1 receive side, FIG. 

ccamniiiiication between cards for equipment protection. 11A. the Line Interface 1*2-105 receives the data stream 

The dock for these LANs is produced by me active SYNC received at one of Rl-*4. performs line code decoding, 

card 64 and is received as two RS422 signals. PieferaWy clock recovery and data dejitteizatioit and forwards the 

onlyonelJ^isacuveatati^ l^J^^XZl ^c?T^^%^ 

carries short (less than 32 bytes) diagnostic messages. 35 U3 connected to Aa*Bus2 (AA2 or BA2 »^ ™^ 

_ , . ^ . ' ' fc . , . - mapper maps the 1.544 MHz stream mto a asynchronous 

l^L ^ *? V^byc^ting the C stuff bits needed to adjust the 

froi OC-3; and J1C1 and SPE for tteZHtos 2 are ^^^^^^^^ ?^22 

producedbytheSreMcardby amtomgthe J1C1 andSPB ^^^^^V^^tS "U*"**"* * 

from the OC-3 card with me same signals from the HSE VT-Path Yellow code is transmitted, 

card. If no active HSE card is inserted, the J1C1 and SPE 45 OntheDSlTraiismitSide.Ha I1B, the VT mapper 112 

signals for Add Bus 2 are in accordance with me signals ™*f *?X£°?E?Z ^ 8 2(AJ ? 2 * B ™ ^J!"^ 

fr^O C3cant tte 1.544 MHz dock by mtojretm^ 

Busltraiisimttimmgb teU d^it^ to do* mod**. ,7* ^ ^ 

^^fiZTi^r wn« ^tin. tho ctcvi —i MHz stream with its clock to a Line Interface, one of 

D0 ^ g ^5J?? « 1#2-105. Hie Line Interface coiiverts the stream into a 

com^meJlClan^ » t^^^orlS^ 

.dAJ^^ £££ ^ ^ ^PHthYcnow alarms are 

tpeea nxiensions. monitored in circuit 110.andBIP-2 emrs and FEBB bits are 

QDS 1/VTG Card f ^«mi,i»H jf LOP or Path AIS are declared, DS1 AIS 

The QDS17VTG card 53 block diagram is shown in FK3. 35 signals replace the 1.544 MHz stream. 

10. This card can operate in three different modes: as a DS1 2. For use of the DS1 as an extension mapped as a DS1 

feeder, as a D51 extension, or as a VT interface. When to VT float sync feeder, on (he DS1 receive side. FIG. UA* 

operating as a feeder or an extension, the QDS 1/VTG card the Line Interface 102-105 performs line code decoding, 

maps (or demaps) DS1 to (or from) asynchronous or byte- clock recovery and data dejitterization. and forwards the 

synchronous VT1.5s with line interface circuits 102. 103, 60 L544 MHz stream to the framer. The fran^perfonns frame 

1*4 and 105. When operating as a VT interface, mese synchronization and forwards the data stream along with a 

circuits fix the VT pointers for up to four byte^synchronous signaling stream and a data link stream to the VT mapper 

VT13s by using slip buffers, or they perform pointer pro- 112 connected to Add Bu s 2 ( AA2 or B A2). The VT mapper 

cessing for up to four asynchronous VT1.5s to justify their maps the data, signaling and data link streams into a 

frequency to the intemai or line frequency using a reference 65 byte-synchronous VTU by perfenning VT pointer process- 

dockselector 107. The VT mode is selectable on a "per VT* ing to adjust the received frequency to the Add Bus 2 

basis. frequency. 
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DSl Loss* RED alann.AIS. Yellow DS1 Loss. RED alarms. AIS and Yellow alarms are 

and bipolar violations. CRC-6 when in ESF. framing emirs monitored* and bipolar violations. CRC-6 when in ESF. 

and Out Ctf Frames are accumulated for locaL and remote if frammgerroreandCMOfFraiira 

avaOabk. If DS1 Loss, or Out Of Frame is declared and remote if available. If DS1 Loss or Out Of Frame is 

VT-Path AB is transmitted; and if Yellow is declared 3 declared VT-path A1S is transinitted; and if Yellow is 

VT-Path Yellow is traiisinitted If VT-Path AIS or LOP is ^ F ? h ,^i^ £ ** Dsn ? ncd - ff YJ'^ OT 

declared VT-Path Yellow is tran smitted Data link is passed LOP 18 declared VT-Path Yellow is transmitted 

to the feeder The framer monitors the ESF data link in ESF mode in 

a. *™^.> «ia- wir iir vr tnfwi^r M <<« accordance with ANSLT1-403. In SLC-96 mode, the framer 

I^XfZ T^^ TlTv^ S to forwards me data 1^ 

VTfrom Drop Bus Z movm me ^^^J* 10 SLC-96 data link for the controller. 

SlTKL^^ On the DS1 Transmit Side. FIG. UD, the VT mapper 

and forwards the data stream along with to dock, a signal reads the VT from Drop Bus 3 (AD3 or BD3), recovers the 

ing stoanuanda data hnk stream to the rramerin Ac Line 1544 MHz ^ interpreting the VT pointers, dejitter- 

Interface. The framer combines the data with the signaling izes the clock and data, and forwards the data stream along 

and data link streams, and produces a DS1 frame. The line " ^flh its ^ a signaling stream to the framer. The 

Interface 1*2-1*5 converts the data stream into a bipolar framer combines the data with the righting streams and 

AMI or B8ZS signal and transmits it to the line T1-T4. produces a DS 1 frame. The Line Interface converts the data 

VT LOP. Path AIS and Path Yellow alarms arc rnonitored stream into a bipolar AMI or B&ZS signal and transmits it to 

and BIP-2 errors and FEBE hits arc firewrffitelrd If LOP or the Use T1-T4. 

Path AIS are declared DS1 AIS is transmitted; and if 20 VT LOP. Path AIS and Path Yellow alarms arc monitored 

VT-Path Yellow is declared DS 1 Yellow is transmitted If and BIP2 errors and FEBE bits are acnirmilatrrt If LOP or 

DS1 RED. LOS or AIS is declared DS1 Yellow is trans- Path AIS are declared DS1 AIS is transmitted; and if 

mined The data link is passed from the feeder. VT-Path Yellow is declared DS 1 Yellow is transmitted If 

3. ForuseoftheDSlasafeetemaK^ ^SJL?^* A ^ < * cc * ared ' Yellow is trans- 
asvnch channeL on the DS1 Receive Side, FIG. 11C the 25 mttted * 

linetoterfacep^ J£ 

andda^j^ £^ a £^ 

to the VT mapper in circuit 114 connected to Add Bus 3 ^^t^"^ ^ mc caller into a SLC-96 

(AA3arRA3BUS).TheVriiiapc«iiiapstte SuS^fxamT^ 

SZ?^ 5. For use as a SONET-red VT for DSO channelized 

^S^^ST^^^^ applications,*^ 

3 frequency. VT Pomters are fixed so no VT pointer Feeder to Channel Side, FIG. 11E. the VT mapper 

rrocessing is pcifonxx^ This is used where reads the VT from Drop Bos 2. recovers the 1.544 MHz 

is transported to a channel unit such as. for example, a dockby iiiterpreting the VT pointers and C bits, dejitterizes 

primary rate ISDN or DS1 extension at a remote channel the clock and data, and forwards the L544 MHz stream with 

shelf location. its clock to the DS 1 receive input of the framer. The framer 

DS1 Loss and AIS alarms are monitored and bipolar performs frame synchronizatioii. adjusts the frequency to the 

violations are »«iim»i«t»A ff DS1 Loss is declared the internal frequency using a slip buffer, and forwards the data 

L544 MHz data stream is replaced by an allies stream, ^ stream along with a signaling stream to the VT mapper 

VTPath AIS or LOP is declared VT-Path Yellow is trans- connected to Add Bus 3t TbeVT mapper maps the data and 

mitted No data hnk is handled in this mode. signaling streams into a byte-synchronous VT1.5. The byte- 

On the DS1 Transmit Side. FKj. 1HX the VT mapper synchronous VT has fixed pointers because the DS1 

reads the VTfrom Drop Bus 3 (AD3 or BD3 BUS), recovers frequency, after the slip buffer, is locked to the internal 

the L544 MHz dock by interpreting tte 45 frequency. 

bits. dejitteri2es the dock and data, and forwards the 1.544 VT LOP. Path AIS and Path Yellow alarms are monitored 

MHz stream with its clock to the Line Interfere, The Line and BIP2 errors and FEBE bits are armmulatrd VT alarms 

int**fT*> converts the data stream into a bipolar AMI or are passed from the feeder side to the channel side. 

B8ZS signal and transmits it to the line. The framer monitors the ESF data link in ESF mode in 

VTLOP. Path ATS, and Path Yellow alarms are rnonitored so accordance with ANSLT 1-403. In SLC-96 mode, the framer 

and BIP2 errors and FEBE bits are accumulated If LOP or forwards the data link to the DL block that acaimntatrs the 

Path AIS are declared DS1 AIS signals replaces the L544 SLC-96 data link for the controller. 

MHz stream. No data link Is generated in this mode. On the Channd to Feeder Side. FIG. 11K the VT mapper 

4. For use as a DS1 feeder for DSO channelized reads die VT from Drop Bus 3, recovers the 1.544 MHz 
application* mapped to VT Locked Byte Sync ChanneL on 55 dock by interpreting the VT pointers, dejitterizes the dock 
the DS1 Receive Side, FIG. 11C. the Line Interface It2-lt6 and data, and forwards the data stream along with its dock 
performs Hpg code decoding, dock recovery; and data and a signaling stream to the framer. The framer combines 
dejfterization. and forwards the 1.544 MHz stream to the the data with the signaling streams and produces a DS1 
fr »m»r Tfw* frimwT pwf^TTK fantw <ynrhrr,m7jitinn adjusts frame. The DS1 along with its dock is red to the VT mapper 
the frequency to the internal frequency using a slip buffer. 60 connected to Add bus 2. The VT mapper maps the 1.544 
and forwards the data stream along with a si gnaling stream MHz stream into an asynchronous VTL5 by calculating the 
to trie VTinapper contacted to C stuff bits needed to adjust the received frequency to the 
m»pg th» data and signaling stream* imp a hyto-synd*mn«is Add Bus 2 frequency. Since VT pointers are fixed no VT 
VT1.5. The byte-synchronous VT has fixed pointers because pointer processing is performed. 

the DS1 frequency, after the slip buffer, is locked to the 65 VT LOP, Path AIS and Path Yellow alarms are monitored 

internal frequency. This is the normal mode for a DS 1 loop and BIP2 errors and FEBE bits are amimulatrd VT alarms 

carrier feeder* are passed from the channel side to the feeder side. 
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The Cramer produces the ESF data link, when in ESF 
mode, in accordance with ANS1T1-403. In SLC-96 mode, 
the framer receives the data link from the DL block 1#6. 
which converts the parallel data from the controller into a 
SLC-96 data link frame. 

6. For use on SONET feeder in DSO channelized 
applications, mapping VT Float Byte Sync to VT Locked 
Byte Sync, on the Feeder to Channel Side, FIG. 11E. the VT 
mapper reads the VT from Drop Bus 2. recovers the 1.344 
MHz dock by interpreting the VT pointers and C bits, 
dejitterizes the dock and data, and forwards the 1*544 MHz 
stream with its dock to the DS1 receive input of the framer. 
The framer performs frame synchionization. adjusts the 
frequency to the Internal frequency using a slip buffer, and 
forwards the data stream along with a signaling stream to the 
VT mapper in circuit 114 connected to Add Bus 3 (AA3 or 
BA3). The VT mapper maps the data and signaling streams 
Into a byte- synchronous VT1.5. The byte- synchronous VT 
has fixed pointers because the DS1 frequency, after the sup 
buffer, is locked to the internal frequency. This is the 
SONET feed mode specified in TR-TSY-303. 

VT LOP, Path A1S and Pam Yellow alarms are monitored, 
and BIP2 errors and FEBE bits are accumulated. VT alarms 
are passed from the feeder side to the channel aide. 

The framer monitors the ESF data link in ESF mode in 
accordance with ANSLT1-403. In SLC-96 mode, the framer 
forwards the data link to the DL block that accumulates the 
SLC-96 data link for the controller. 

On the Channd to Feeder Side, FIG. 11F. the VT mapper 
reads the VT from Drop Bus 3 (AD3 or BD3 BUS), recovers 
the 1.544 MHz clock by interpreting the VT pointers, and 
forwards the data stream along with its dock to the VT 
mapper connected to Add bus 2 (AA2 or BA2 BUS). TheVT 
mapper maps the L544 MHz stream Into a synchronous 
VTL5 by performing VTrxdnter processing to adjust the VT 
timing to the Add Bus 2 timing. 

VTLOP, Path ATS and Path Yellow alarms are monitored, 
and BIP2 errors and FEBB bits are accumulated. VT alarms 
are passed from the channel side to the feeder side. 

When in SLC-96 mode* the VT mapper connected to Add 
bus 2 receives the data link from the DL block. 

7. For delivering SONET fed DSls to channel units, 
mapping VT Float Async to VT Float Async on the Feeder 
to Channel Side. FIG. HE. the VT mapper reads the VT 
from Drop Bus 2. recovers the 1344 MHz dock by inter- 
preting the VT pointers, and forwards the data stxeam along 
with its clock to theVT mapper connected to Add bus 3. The 
VT mapper maps the L544 MHz stream into an asynchro- 
nous VTl^by performing VT pointer processing to adjust 
the VT timing to the Add Bus 3 timing. 

VT LOP. Path ASS and Path Yellow alarms are monitored, 
and B1P2 errors and FEBE bits are accumulated. VT alarms 
are passed from the feeder side to the channel side. Data link 
is not handled in this mode. 

On the Channel to Feeder Side. FIG. 11F. the VT mapper 
reads the VT from Drop Bus 3. recovers the 1344 MHz 
dock by interpreting the VT pointers, and forward^ the data 
stream along with its dock to the VT mapper connected to 
Add bus 2. The VT mapper maps the 1.544 MHz stream into 
an asynchronous VTL5 by performing VT pointer process- 
ing to adjust the VT timing to the Add Bus 2 timing. 

VTlX)P,PamABandBamYeJlowalanm 
and BIP2 errors and FEBE bits are amimnlatrd VT alarms 
are passed from the channd side to the feeder side. Data link 
is not handled in mis mode. 
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Loopbacks 

DS1 loops are provided for maintenance and fault isola- 
tion. In Loop Terminal, the recdved DS1 can be replaced 
with the transmitted DS1; DS1AE is transmitted to the line. 

5 In Loopback Line, the transmitted DS1 signal is replaced 
with the recdved DS 1 signal alter regeneration ; the recdved 
DS1 continues to be fed to the equipment In Payload 
Loopback. the transmitted DS1 payload is replaced with the 

}Q received DS1 payload. The received payload continues to be 

1 fed to the equipment 

Line and Payload Loopback can be requested through the 
ESF data link by a remote site, and the NEP can request to 
send a Line or Payload Loopback request through the ESF 

15 data link. 

Diagnostics and Fault Isolation 

The QDS1/VTG card diagnostic is distributed between 
the card, the EFM and the STSM and SCF cards. The 

20 QDS1/VTG card performs internal diagnostic tests to verify 
its own functionality. The EFM 1*3 periodically compares 
its signals with me signals produced by the rest of the 
QDS1/VTG cards. The STSM and SCP cards verify the 
parity generated by the QDS1/VTG cards on Add Busses 

25 AA2. BA2, AA3 and BA3. 

The internal diagnostic tests are the hardware monitoring 
tests performed by the software (includes memory and 
peripherals checks), a hardware watch-dog that monitors the 
software sanity, and parity and timing checks on Drop 

30 Busses AD2.BD2.AD3 and BD3. If a bus FAIL is detected, 
the card forces parity errors back through the same bus. 

The EPM periodically requests each card to supply 
through diagnostic bus 111 a DS1 signal and a correspond- 
ing VT1 .5. It processes them and compares the results. ADV 

35 (data valid) signal from each bus can also be transmitted 
through the diagnostics bus HI to verify the internal VT 
mapper counters. A DV signal qualifies a time slot used on 
a bus. 

TheSISMamiSCPcardscoirimiously 
generated by the QDS1/VTG cards, based on the DV signal. 
The STSM card can ask through the LAN from any QDS1/ 
VTG card to force a bus fail to verify the detection circuit's 
operation. 

45 If the internal diagnostics find a problem, the common 
FAIL signal is forced low by the card, and the DV signals are 
inhibited to avoid propagation of the fault to the adjacent 
STSM and SCP cards. In response to the FAIL signal, the 
EFM performs a fast poll to verify which QDS1/VTO card 

jq failed. It replaces the failed card by activating the equipment 
protection relays to connect the DS1 lines of the failed card 
to the equipment protection bus. and by mapping its VT1.S 
into the time slots of the protected card in Bus 2 and/or 3. 
The same procedure of protection is followed if the EFM 

35 finds a failure in one QDS1/VTG card. Before performing 
the equipment protection, the EPM verifies mat only one 
card has failed, to avoid protection, caused by EFM failures. 
FAIL signal is also activated when the card is removed, 
ff the STSM or SCP cards detect a Bus 2 or 3 failure, they 

60 indicate mis condition to the EFM. If no FAIL is indicated 
by the QDS1/VTG cards, the EPM commences replacing 
QDS1/VTG cards unul the failed card is isolated. 

The EPM tests its parallel busses' drivers by accessing 
empty slots in Bus 3. and in Bus 2. if empty time slots are 

63 available. It tests its DS1 interfaces by activating the loop- 
back relays. The NEP communicates to the QDS1/VTG 
cards and EPM cards for any STSM card removal or failure. 
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The QDS1/VTG and EPM cards igaoic (he busses con- SYNC card inputs, based on the result of arbitration between 

nected to the missing card. Whenever the card is being the SYNC cards and on diagnostic tests. An arbitration 

protected, its facilities are metallically looped back. The circuit 116 decides which SYNC card is active based on fail 

card can perform different tests to verify its functionality. indications from both cards. The standby SYNC card locks 

5 its phase to the active one to provide minimum phase 

Backplane Interfaces difference between the cards. 

The feeder busses (referred as bus A2 and B2) are two The FIX uses a Digital Signal Processor (DSP) 122 to 

busses shrnlar to iclecomBusses running at 1944 MHz. The achieve the SONET requirements, including holdover. To 

QDS1/VTG cards access this bus as accesses. They read meet the holdover reo^iirements, an operating frequency on 

infonnation out from the Drop busses aiid write Monr^ 10 line 118 is compared with the frequency of a ternperatiire- 

into the Add busses. Timing for the Add bus can be in controlled crystal oscillator (TCXO) 120 in a comparison 

accordance with the Drop or Add bus. Tbe QDS1/VTG card circuit 121 and the result is stored by DSP circuit 122. This 

includes BTL interfaces to access this bus. stored result is used to keep the frequency in case both 

Tie channel busses (referred as bus A3 and B3) are two „ S °^ff ""f P *f±±f?^ 

Telecom-like busses running at 19.44 MHz. THe QDS1/ M ^ a ^TT^^T 

VTO cards access this *s^ accesses. H*y read tafarma- W ^**'^J^^^^ 

ttonc^fiommeDropbussesa^ ^^^?>^^^. 

Add bosses. Itmtaite the Add bus can be in accordance ^ 

with the Drop or Add bus. The card includes BTL interfaces „ result is chared with the iB ^^^^ r ^ i 

»w k is also supplied to a timing generator 128. The SYNC cards 

to access tms wis. produce the LAN clocks LAN1 0 and LAN2 O from timing 

The Diagnostic bus is used by the EPM to monitor the generator 128. 

QDS1/VTG operation. All card outputs arc connected MJlli4l ^ 1 . lW#irf ^ c MnA 

together. Each^ one at a t^ ^^^J^l^^T^ Zl^l^S? S 

tod^misbuswimonerfitsDSlswi^ » ^^ t ^^ C ! ^ rd ^^ 1 jJ?™f nd 

T ,T T . . !r. , ^ t the DS1 or CC divided down to 8 Khz. and dejittcrized in 

Timmgforbiis2aiidbiis3ismacco^ 30 ctcfdts m ^ ^ ^ to M tomcPLL . 

^^^^^"^^J^^ TheDSl signals can use AMI or B8ZS line code and SF 
byte-synchronous modes is produced from the active Drop ZZZJZZ .^7^ _ _ ^ , . . 

BuTatiir^ the DS1 dockTsyn^ 1*44 f^^^^^^^^ LT^r^ 

MHzDrT^3a^ 129 to l^MB) alarm and^aW and forBER (hit 

Drop Bus3 signal. For me charmel sio^ock^ mode, tte 

io o.wT^w xrr ,vj«t— t& calculated based on BPVs (Bipolar Violations), framing 

tmiing is such that the W errors, or CRC-6 when in ESFmode. In ESF mode, the Bit 

Oriented Line and Payload Loopback requests and Clock 
TraceabOity messages are monitored. The DS1 output pay- 

TheQDSl/VTG cards are also moriitored and provisioned 1^ ^ afj "ones-. The CC signals are monitored for LOS 

through one of the two open collector LANs 1#0 which are 40 bipolar density violations. 

also used for comrminication between cards for equipment ^ qdsi/vtG cards each send one of its recovered DS1 

or facility protection. The QDSI/VTG cards conmmnkate clocks OCARLC and OCBRLC to the SYNC card 64 as 

with the NER the EPM and the SYNC cards. The EPM WPEPI through WPEP8. FAIL signals on the DS1 being 

commmricates also with the SI^ and cards. OB ^ used to produce the reference clock are conrmimicated by 

code and revision of the card can be read through me LAN. the QDSI/VTG to the SYNC card. If the QDSI/VTG card 

SYNC Card fails, the NEP communicates this event to the SYNC card. 

Clock Traceability messages received on the reference 

A block diagram of a SYNC card 64 is shown m FIG. 12. sources are also reported to the SYNC card. The reference 

Hie SYNC card provides the system timing signals forme g, clocks received from the QDSI/VTG cards are routinely 

system of the present invention. It accepts reference signals connected to an activity monitoring circuit 

from interface cards or from external inputs, phase-locks Ihe Each OC-3 card 50 or US Extension (HSE) card 51 sends 

system timing to one of them using a phase-locked loop recovered dock to the SYNC card 64 as OCXRLC and 

(PLL). and provides a DS1 BITS (Building Integrated HSxRLC (x=A or B) through selectors 135. FAIL signals on 

Timing Supply) output 55 the OC-3 or HSE cards are commuiiicated by the OC-3 or 

Iwo reference signals can be selected as sources for me HSE card to the SYNC card. If the OC-3 or HSE card fails, 

internal timing. One operates as primary and is the source as the NEP communicates this event to the SYNC card, 
long as it is operating piup e ri y. and the second one operates 

as secondary and becomes the riming source whenever the Diagnostics and Fault Isolation 

primary source fails, ff both sources fail the SYNC card is 60 The SYNC card diagnostic is distributed between the 

able to provide an internal source (holdover) that complies card, the adjacent SYNC and the cards mat receive timing 

with Stratum 3 requirements. The switch is revertive; once inputs from the SYNC card. The SYNC card performs 

a higher reference becomes active; it is used as input to the internal diagnostic tests to verify its own functionality. 

FIX. These tests include the hardware monitoring tests performed 

Two SYNC cards can be inserted into the system of the 63 by control circuit 129, the software mat includes memory 

present invention to provide 1:1 redundancy. Each card that and peripheral checks, a hardware watch-dog that rnonitors 

receives timing is capable of selecting between the two the software sanity, and a hardware watch-dog that monitors 
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me DSP software sanity, VCXO and TCXO frequency, and processor has on-chip instruction and data caches. The SOP 

references functionality. card prevents the microprocessor from caching accesses to 

Both SYNC cards receive the same references, monitor any device other than local memory by activating a cache 

them aiidcojrtt?are the resdtsth^ inhibit signal during the accesses, 

has activity failures that the other one has not and the 3 The SOP card includes a data bus structure arranged to 

reference circuit activity detector is operational, or if one of accommodate 8-bit 16-bit and 32-bit ports that reside on the 

the cards that receives timing inputs from the SYNC card card. Address and data busses are split into a Local Bus 14#, 

indicates that one of the SYNC cards* signals failed, the accessible preferably only by the 68030 microprocessor, a 

SYNC card assumes mat it railed and a switch is performed. Common Bus 141 which is shared by the microprocessor as 

ff the active card is notable to synchronize its FIX to the 10 wefl as by Integrated Muhi^t^ 

primary or secondary references, the standby card tries to a Peripheral Bus 142 which is accessible preferably only by 

synchronize to them, If it succeeds, the active card is mc IMPs. 

declared failed and a switch is performed The active SYNC Local memory on the card, indicated generally at 143. is 

card monitors the standby SYNC card frequency accuracy divided into four groups, the sizes given being typical: 

and the standby SYNC card monitors the active SYNC 15 (a) 0.5 Mbytes fast SRAM which contains the SOP card 

frequency accuracy. If the frequency is out of the accuracy program and variables. The program is down-loaded 

range, the cards decide to switch or not based on me from the Hash PROM in order to decrease instruction 

reference frequency and the VCXO and TCXO status. fetch cycle time. 

Arbitration circuit 116 is exercised by sending an inhibit (b) 05 Mbytes of Flash FROM which stores the SOP card 

switch command to all cards that use reference timing from 20 application program and various debug and mainte- 

the SYNC cards and by performing a dummy switch and nance programs. The SOP supports on-bx>a^ 

switchback. ming of the EPROM while the board is inserted in the 

liming is synchronized to the highest priority selected common shelf, 

reference from among internal clock, internal frame pulse. (c) 256K bytes of boot EPROM which stores the RESET 

and LAN clocks. The mternal dock is distributed as a 19.44 interrupt vector and boot program. This device is an 

MHz signal with a different driver for each OC-3, HSE and 8-bit port and requires 4 access cycles for each long 

SCP card. The internal frame pulse is distributed as a 51.44 word fetch. 

ns single pulse every 125 us with a different driver for each (d) 32K bytes of EEPROM which stores configuration 

OC-3» HSE, and SCP card. M information and error logging data. The EEPROM 

SONET Overhead Processor Card jnwn; is an W^port 

A shared memory 144 is mainly used as a buffer pool of 

The SONET Overhead Processor (SOP) board is a full- high-level data link control (HDLC) frames. The IMPs and 

sized board in the common shelf in a system of the present tte main 68030 inicrop^^ 

invention. A functional bloc k diag ram of the SOP card is 35 to read and write incoming and outgoing frames. Since mis 

shown in nG.J3,_ The 'card jpw memory resides outside the local memory, accesses to mis 

f SONgE^^^ apace do not interfere with the operation of the unit 139. The 

in them that are destined for use in the common chassis in ^ ^ memory is typically 256K bytes and it is 

which it is located. It also provides for re-routing of mes- configured as a 16-bit port 

sages to SONET paths that continue the SONET DCC to ^ fhe microprocessor in unit 139 can be interrupted by a 

other equipment. The SOP architecture supports interfaces number of sources. All intemirAEoiirc^ (except the ABOCT 

to the equipment using TL-1, CMKE and FTAM transac- interrupt) are software emWed/disabled A 68302 rmcropro- 

uons. cesser in unit 139, which handles the LAN communication 

Functionally, the SOP card 63 provides an interface to the for the 68030 micrcprocessor. also serves as the interrupt 

full duplex SONET data communication channel (DCC) 45 handler device, and resides on local bus 14* and decodes 

streams from the four possible SONET interface cards address bus and function codes to determine when an 

(redundant OC-3 Feed and redundant OC-3 HS Extension). interrupt cycle is in progress. When the interrupt handler 

Each SONET OC-3 card 5* regimes interface to the Section detects an interrupt acknowledge cycle at the level it is 



~ interrupting on. it passes a statos/tdentification vector. 



aad network layers are the same for both Section arid line ^ — a multipart arbiter controls and synchronizes the access 
DCCs. The SOP card participates in implementation of the to shared memory 144. Since this memory may be accessed 
Section EOC path protection switching and other physical by either the 68CB0nnCTt^ 

layer requirements as specified in TR-253. The physical of the pc ii pheral IMPs, each device that requires an access 
interface to the OC-3/STSM cards to transmit and receive to the shared memory becomes the c*>mn»n bra 
from the DCCs can be via dedicated links or via the 155 55 arbiter accepts the requests and grants the bus to one of the 
MB/s bus. requesters. The peripheral devices have priority over the 

The SOP card uses the redundant internal LAN for 68030 micrcfrccessor. 
conmninication of messages to and from the SONET DCCs A peripheral arbiter in processor unit 139 controls and 
and the NEP card 62 which contains the upper layers the synchronizes access to the peripheral bus (68302 bus). This 
ISO stack. The message packets are carried m ICN (Internal 60 bus Is shared by six 68302 devices, so each device that 
Cornniiiiucatiotts Network) message envelopes, and deliv- requires an access to the peripheral bus (or the common bus) 
ered to the Level 4 processing modules on the NEP. ICN must first become the peripheral bus master. It issues a 
protocols ensure proper transfer of packets between the busrequest to the rxxirAcral arbiter. The arbiter accepts all 
boards. the requests and grants the bus to one of the requesters. 

Structurally, the main processor unit 139 of the SOP card 65 according to a prc-assigned priority. The priority assignment 
carries a MC68EC03O microprocessor running at 25 MHz is as follows: 
which is the main processor on the card. The 68030 micro- SONET DOC OmrroUers (5x68302) 
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SOP-SOP Unk+lxline DCC (68302) Out of the 12 TOH busses* preferably only 8 may be 

The peripheral arbiter also enables the 68030 mtcropro- concurrently active (one or two active busses for each slot). 

cesser to access the peripheral bus in order to control the Thus, the setup also determines which TOH busses are 

various devices on this bus. B generates the appropriate active. As long as the TSA-RAM is not initialized, and the 

arirttming in orrirr tff mtt« rf * fa irmr'"^'^ 5 SOP card has not been activated by the NEP the SOP card 

controllers. prevents any access to any of the TOH busses by tri-stating 

A local bus decoder in unit 139 decodes the 68030 all the transmit (upstream) buffers. Hie transmit buffers are 

microprocessor address and control bus. selects the local automatically disabled upon a RESET assertion. Once the 

memory group and devices to be accessed and issues a TSA-RAM is programmed, and the SOP card is activated by 

Common Biis/Peripheral Bus requests. It also generates the 10 the NEE the Time Slot Assigner enters the active state: for 

appropriate Data Size Acknowledge (DSACKfl/1) signals each channel, the TSA synchronizes itself on the TOH frame 

which indicate the port size (8/16732 bits). signal and feeds each HDLC controller with the selected 

The ccinmonbrodeccder decoder DCC octets. Thus, the HDLC controller virtually accepts a 

lines fed from either the local or peripheral bus and selects continuous bit stream and is not aware of the time slotting, 

the appropriate memory devices to be accessed, ft also 15 Since each transport overhead port contains two logical 

generates the appropriate Data-Size- Acknowledge channels (section and line), each pair of Sectioo+Une Data 

(DSACKO/1) signals which indicate the port size (1602 Channels are multiplexed into the same physical TOH serial 

Yfay data bus. and de-muitq>lexed into two HDLC controllers in 

The SOP card 63 uses the redundant internal LAN for the receive (downstream) direction. Tec TSA also detef- 

communication of messages to and from the Sonet DCCs 20 mines which SOP card drives the Section DCC and which 

and the NEP card 62 which contains the upper layers of the SOP card drives the Line DCC according to me SOP ID 

OSI (open system interconnect) stack. The message packets and/or NEP setup. When a switch between the active and the 

are carried in ICN message envelopes, and delivered to the redundant OC-3 busses is required, the TSA is programmed 

level 4 processing modules on the NEP. The LAN also to perform the switch operation. The TSA waits for the last 

carries control messages destined for the SOP card. The 25 bit of the frame before it actually perform the switching, 

active LAN rfumwrf operates at a rate of 3.088 Mhz. The This ensures no loss of data when a periodic bus test is 

stand-by channel operates at a rate of 1 93 Khz. The NEP is performed. The TSA memory can be accessed by either the 

the master of the LANS. The LAN clock is produced by the mkroproce ss or or the TSA assigner. The TSA RAM coo- 

SYNC card. The LAN data physical interface 151 is imple- tains the Time Slot Assignment of each byte within the 

mented by push-pull transistors, current sink detectors, a 30 transport overhead block, for all the 12 channels. The TSA 

PAL 152 that handles collisions, and the SCC 1 and 2 of the RAM is douUe buffered. Thus, its operation is not disturbed 

68302 microprocessor which is the slave of the 68030 by audits, channel updates and such while routing live 

microprocessor- The LAN drivers can be disabled by either channels. 

a software command or during a critical hardware failure. The SOP card's EEPROM contains theCLEl and related 

The collision logic waits for IDLE condition (8 coiisecutive as mformation (manufacturing daU such as serial number, date 

ones). Once IDLE is detected, the controller starts to trans- of inaiiufacturing etc). The CLE1 can be read by the NEP 

mil the packet IF a collision occurs, the collision logic through the LAN. The SOP card is able to a^crmine its ID 

determines whether to continue or to abort the tnuismission from a back plane strap. 

aadreltoquishbusaccra Areset/watchdogand bus isolation circuit 149 eiiables the 
Any collision event can be reported to the nncroprocessor. 40 SOP card to monitor its bus state and prevent bus hang-ups . 
The microprocessor also performs LAN fault nuaitoring while accessing to an illegal address space, trying to write 
and support fault isolation uitder the coiitrd into the EFROM or indefinitely waiting for a Data- 
diagnostics and mult isolation of the LAN is performed by Acknowledgement from a faulty peripheral. The watch-dog 
the NEP. The SOP card communicates with the NEP for circuit force the microprocessor to release the bus and 
provisioning, status reports, fault isolation and software 45 enables the processor to detect the fault souxce. In cases 
download. where the ndoroprocessor is unable to operate properly due 

HDLC controllers 146 are based on 68302 devices and to a critical failure, the circuit logic forces the SOP card to 
handle the DCC bit stream fed from the Time^aotA^^er / tristate all the busses, thus preventing the faulty SOP card 

147. Each of the 16 channels is handled by a dedicated from iinpairing other modules that are bussed to the same 

HDLC controller with an attached DMA controller. The so bus. However, the SOP card continues to listen to the LAN 

DMA controller stores all HDLC frames in the shared and respond to special instructions. The front panel Amber 

memory, in a cydk bufftr. and tiftm™!** ntimymxsuuw and green LEDs are also driven by this circuit Any fault or 

upon each frame received. Since the receive and transmit a RESET state turns on the Amber LED. while normal 

buffers are separate, the receive and transmit processes arc operation is indicated by a Green LED. The rcsetfwatch-dog 

not synchronized to each other. In the receive direction 55 circuit is triggered once every 250 msec by performing a 

(down-stream), each controller receives a gaped dock along high to low transition in the WD signal. Failure to re-trigger 

wim its corresponding data as fed from the TSA assigner and the device causes an SOP card reset, activate the FAIL signal 

processes the data in synchronization with the dock. In the and disable the LAN drivers. The card present indication is 

transmit direction (upstream), the controller transmits data also activated only if the card is fully inserted. The card 

msynchrofuzationwith the transmit dock fed from the TSA 60 present todicarion is a 10K ohm, ±5% pull-down resistor, 

assigner. Any pair of controllers that handle the section and The SOP card can be reset by the NEP by activating 

line DCC from a single TOH bus are capable of processing Present/Reset The card is reset within 25 msec Activating 

any combination of 12 bytes, an average throughput of 768K the external reset signal turns on the FAIL LED. The SOP 

bps (192K+576X) for each TOH channd. card provides the SONET DCC data link layer and network 

The Time Slot Assignment for each channd is set by the 63 layer processing for the EOC The Link layer uses CCITT 

mkroprocessor by^ loading the TSA-RAM with the appro- Q921 LAP-D protocol The Network layer specified proto- 

priate pattern, as part of the SOP card initialization process. col is CLNP (ISO 8473/AD3). 
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The SOP card handles, typically, eight independent trans- The external status (alarms) and contact closures are input 
port overhead blocks which are fed from either the OC-3 through circuits 166 and 1*7 and interface to the system of 
c^(ccefoeacfaOC-3)c*tr*BSECT the present invention via the AOW card A^ wrxitoare 
HS) through the TOH serial pert. Time Slot Assigner 147 also received through TBOS interface circuits 168 on 2400 
strta the mree Section!^ 5 baud serial RS422 lines. The AOW card accepts these 
bytes of each Mock (along with its dock) and forwards the inputs which are monitored continuously by on-board pro- 
extracted data to eigfr Sectto cesser 164 todetenninc their validity (debwinc cd at a 5 0 mS 
trailers 146. Each controller receives a separate clock and rate). Upon detecting a valid status change. microprocessor 
data and interprets it as a serial bit stream conforming to the 164 informs theNEPcf the status dmge via a message over 
1APD protocol characteristics. The controller detects the 10 the internal LAN 1H. The ACO inputs are connected to 
rating flag, fetches the address, control and optional registers 169 and are handled similarly. These are used to 
infonnation fields, perf sense external fault conditions. Timing is chosen by selector 
whoteframcin a cyclic receive bufe to the SOP card RAM. circuit 163 from iin^c*taiiiedrxomm^ 
Upon completion of the frame reception process, it inter- The AOW card provides control, relay drivers 17f. and 
rupts the CPU and informs the CPU about any error that has 13 rebys. These relays arc used to dtiveU 
been detected during the reception process. The address. Processor* Power. CO. and Almor^^ululml^for^local dis- 
control and information bytes are transferred into the SOP play and remote maintenance centers. On-board inicropro- 
card RAM by a dedicated DMA controller. Far each DCC. cesser 164 activates and deactivates these alarm contacts in 
the CPU performs the Link layer and Network layer response to messages from the NEP via the internal LAN. 

functions, and forwards data packets to either one of the 16 20 ^ 

Data Caninunication Channels, or the LAN port Network Element Processor 

The SOP card is responsible for concurrent tr ansmissio n The Network Element ftocessor (NEP) card, FIG. 15, is 

of packets to 16 DCCs. Eight are Section overhead (192K ^ centjaI coordinator of activities in the system of the 

bps) and eight are line overhead (576X bps). SOP card present invention and supports termination of comrminica- 

constructs each packet and forwards it via a transmit cyclic 25 tioQS for ^ jj^u^aa^a Operations Channel (EOC). the 

buffer to its corresponding HDLC controller. Since the Time-Slot Management Channel (TMC) and the Common 

receive and transmit cyclic buffers are independent of each Signaling Channel (CSQ- The NEP card and the signaling 

other, the receive and transmit operation does not have to be control processor (SCP) card act as a single module but are 

synchronized. The HDLC receives the transmit clock from separated into two boards. Here, the hardware is not critical 

the TSA thus allowing the HDLC to transmit data only in 30 ^ ^ ^ „ ft exists m the present ernbodimeot 

avalidtiineslotTheHMXTa The processor 173 itself on the NEP card is a Motorola 

opening and dosing flags, bit stuffing and CRC and tens- ($030 micropocessoT-based hardware platform design ed to 

mtts the frame to the outgoing clianneLTheTSAisrespon- perform various functions. The 68030 rnicroprocessor has 

sible for enabling the tri-state transmit buffer during the an on-board memory mnnpg*™*"* unit (MMU). The MMU 

transmission process, allowing the DCC data to be inserted as * s uscd to memory on a per-task basis. A software 

into the TOH bus only in the assigned time slot locations. Uek whicn attempts to access memory to which it does not 

Alarm and <DfcSerwmr^ 7 have privileges causes an MMU interrupt to the micropro- 



The AOW (Alann ^CWc^)^^ ^^ menl£H y <« me card indudes FLASH memory 175 

far tr* clement oflta ^nutepte «rd«™ <° ^ SKAM177 corrected to the processor 173 through . 

Oe ^^^P^^^J^Z^^l buffer 176, The FLASH memory is for staring executable 
^alMmfm^c^^lo^mia^c^xwmf^ c ^ f „^ ndax)grocc ss 01 ^n 00 -y6la^k system param- 
tions of the SONBT. The AOW card .to provides the aUnn s^Mte^e stooge f or the uLopZocssa, 

^Tr^l'^^^rS « S oJZrttot, and ort^ uXmation whichdoes no. 
relay contacts, stams hmuts. and ACO (AlannCut^Tte « power-down. The PLASH memory size is 

actual n^ement of '*™^™"^™* A * t^c^yAlO^^ssmK^^lb^c^ 
NEP via LAN messages to/from the AOW card. organized for a 32-bit data bus. A 25 MHz oscfllatar 189 

Afuncticoalbkxidiagramrftheia'AOWcardUshaOT 4^ to op-nte the microprocessor. 

tSt » ^^«U^»daScertIZ^signab«e 

from toe OC-3 and 30 avai^eat^rfgVconnectx. 179 for interface to a Message 

on-position of . manually testable LOCAL/EXPRESS Tte Card PresenVReset dr^l78 on^ !^ can 
SELECT^ 159 maimed on the f^ ^^^^^f^T^t^^T^S: 

intoa(»DBCl<*.Tte«iti«oftheCODrciscon^ dry. There b one Upline fa each card to fee CB which 
B^^ai«uc«im^«^l«l^l^gmoutvia is used to P^™ bo* me reset and card dete^ func- 
a^^eXw2 melted (« the frcctpai.dcl^ AOW tions. The circuit 178 appears as 3 parallel ports to the 
card. The CODEC performs the analog-to-digital and processor 173. 

digital-to-analog conversions and PCM encoding. The ana- 60 A microprocessor reset on the NEP card is to prevent the 
log interface is a 4-wire, 0 dBm signal with an input card from executing the wrong code and stops the NEP card 
impedance of 600 ohms as specified in TR-NWT-253. A when it is executing the wrong code. The watchdog circuit 
single CODEC is provided for both express and local 184 operates in accordance with software to permit the 
orderwires. Codec 160 and selector and buffer circuit 158 resettiBg of the microprocessor for recovery after it detects 
communicate transmit and receive; information to each other 63 a fafliire in the execution of the i«>gram code. The watchdog 
and both communicate with an oiy-board primary processor circuitry is a chip requiring a pulse every 1.6 seconds. The 

watchdog tuner is serviced (Le- a 1.6 second tuner is 
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rebated) id the background routine. Hie background Is Route messages to and from the integrated Remote Test 

executed between each software task. Each task is designed Unit (RTU) via the LAN as received over the BOG 

to **** less than 1.6 seconds to execute and return to the The NEP card includes the memory extension, interrupts 

background. Any task taking longer than 1.6 seconds is to the SCR interrupts from the SCP, the card presentfoeset 

assumed to have caused a problem with the microprocessor, 5 signals, the serial Spyder-T interface, power (+5 volts and 

resulting in a reset If the chip does not see pulse edges, then ground), and slot ID. The memory extension and interrupts 

it activates the microprocessor's reset line. To ensure that the m to messages to and from the mating SCP. This 

microprocessor is executing valid code, the microprocessor hardware arrangement permits the NEP card to place a 

toggles an I/O bit to generate the valid pulse. The toggling message and instructions for handling the message in shared 

routine is not executed if the iiiicroprocessor is running 1Q jaa^viateniemory exteiisioiuthenmlernmtmeSCPto 

invalid code. indicate a message is ready. Likewise, the SCP can place a 

The NEP card interfaces to the backplane connector via messagc ^ the sliared memory, then interrupt the NEP card 

179. ^mechanics of messaging between toettvo OTP ^ fa men avaQable to the NEP card via the 

cards is delegated to the associated SO^^J^ wishing mcmcK ^ c Xsio«.TlieC>dP^ 

to senda message places the message in ^shared memory to directly determine which cards are installed in the 

197 (FIG. 16) on the companion SCP via me memory bus 15 ^ TZ^a!Zi^ «™1 

extension X*L The NEPtosignals to the SCP processor ™ ^?^* C ^ 

W using an interrupt, mat a Message is ready. The SCP Spyder-T interface contains up to 32 channels of informa- 

theo seethe messwoveronerf dom Tte channels can contamjranous confutations of 

SCP. The message includes a header mat me message is EOU use 1MU anc ivu ine siot iu is a one mi 

inteiriedtobedehveredtotte 20 indication of whether the NEP card is installed in the NEP 

places the message in its shared memory and interrupts the A slot or the NEP B slot 

secondNEPtomdlcatean^ssage has arrived. Most ofthese Signaling Control Processor 

messages are the sanity check message, It indicates the * 0 

canning kbp is rymtiftg prtyeriy. If a sanity message is not Referring to FIG. 16, the Signaling Control Processor 

received in a prescribed period of time, the receiving NEP 23 (SCP) card performs 7 major functions in the system of the 

first tests for proper operation of the LAN. If the LAN is present invention: 

working, the NEP which has become silent is reset using me | Translate TR-TSY-303. 16-state signaling from the 

Card Ptesent/Reset circuit 178. central office to TR-S, 4-state signaling for older channel 

A Real Time Clock (RFC) 183 used on the NEP card units; and translate 4-state signaling to 16-state signaling for 

provides the microprocessor with the time of day and date. ^ connecting older exchanges to newer CUs. 

The timer function of the FTC is used as an mterval timer. 2 Rearrange the signaling bits from me central office such 

It interrupts the ntooprocessor to iiifdrm it to perform a ^ ^ 4 bits for a channel appear in one byte 

srxcificfuncticHL An oscillate fsi<maliiiff rotation! 

^ which isa^ TISorm DSO processing of the Unicode and DSO 

dock pins of clock chip 183. Alternatively, the timing x 

icfercnce for the KTC is preferably derived from the SONET "TT.. r*« -.-^..r , « * •»•> . 

dock. Frequency cUvisto. from 19-44 Mhz to 32 KHz is 4 , P ^* l ^0^ ,tt ^ > c ^J^^ l^Z^, 

ptrfonn^inonlofltelWUsW.Atad^Wambe ^^^^f^^^ 6 ^^™ 0 

used to maintain dock 183. (^Cs from the central office. 

TteO^rnanufac^infc^onandrevision status n J- ^ 

are contained in a small EEPROM 186, which is pro- '"^J? '^J^-S^Z J^t^JZ 

ff m mri*tbtf^.TbcFocc^caz^it*iri<*- Group cards 53 to allow the DTAU splitting or momtoring 

rnationandraovideittouxsOS orciaftiiiterfacera ""f 3 *" ,, ^ . .... VTJ . 

Processor Y73 also provides status information on front- 6. Provide access to the internal Local Area Network 

panel LEDs 188 for visual infection. 45 (internal LAN). 

The software functions reformed by the NEP card are: 7. Provide U^aca^r**^ 

Power-up system diagnostics and a cold start bootstrap. for the Network ElementPrc^ssor (NEP). 

Software utfoaAAIownload of d-a and code to «D «^ ,.T^f ^EfltTA^ 

_ . . . A OA _ MmmU —A elements shown in the block diagram in FKj. 16. A si g naling 

Interpretation of and response to the SONET overhead ^ ro ^^ tn ^^ dlc ^^ functions asso- 

messages. dated with the signaling bits. Signaling received from the 

Control the provisiomng of all cards in the RUT. VTO card interface is in the standard SONET byte format 

Conmiands and responses to the OS via the EOC AAAA, BBBB. CCCC DDDD. The rotator changes the 

Commands and responses to the Supervisory System via gignnling to the ABCD format When a qiiadrette of signal- 

the POC (Pulse Operations Channel). 55 ing is py^M***, it is men compared against Unicode and 

Commands and responses to the local craft via a link. DSO YeBow patterns. A state machine se^ 

Database **rh*np> and heart beat verification with the bits which arc appeiided to the ABCD qu^ 

NEP card backup. quadrette is then translated into an abed quadrette which is 

Receive and store as needed the performance monitoring passed through outer system rfrm m ts to the c h a nnel untt. 

results for access by the Operations System or Super- g, The translation is performed under software control. Any 

visory System. one-to-one translation (including no translation and fixed 

TL1 (Transaction Language 1) parsing and interpretation output) can be sekcted. There are 256 RAM-based transla- 

to the internal command structure of the OS's via the tion tables available. 

LDS or Supervisory System. More specifically, the signaling rotator performs 3 func- 

ASN.l (Abstract Syntax Notation) parsing and interpre- 65 Hons associated with signaling: 

tatton to the internal cominaiid structure ofthe OS's via 1. Converting the AAAA. BBBB. CCCC, DDDD format 

the LDS or the Supervisory System. to ABCD format (rotation). 
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2 Detectifia the Unicode and DSO Yellow alarms. the new signaling quadrette and increments every time the 

- ZTT^L th+ don.iino hit* flow Is executed. Address index field 216 is subtracted 

3. TniiisU^ Ae signaling tats. (n^o 4^ ^ the adorer where the last signaling was 

While the functions have been integrated into a single ^tten. The result is the address of the A signaling input 

gate array hardware element they can be discussed as The B, C. and D addresses are determined by successively 

separate iiriplementatioiis. A description of how the three adding 6 to the result (FIG. 19). Address index is normally 

functions are integrated follows. incremented each time through the flow unless the bit 

The signaling bit rotation takes the AAAA BBBB CCCC pointer rolls over from 11 to 00, then the Address index does 

DDDD signaling format described in TR-TSY-2S3 and nc4 change. When Address index reaches 17andbitpointer= 

reformats the data to an ABCD arrangement for transmission 1L the next state of the Address index is zero. The input 

to subscriber equipment from the feeder. Anomer algorithm 10 buffer is 2 frames long (2x672) so the rotator can operate on 

for mis transformation reverses it The process is illustrated a complete data set in one half of the buffer while the 

in FIG. 17A in one direction and FIG. 17B in the other wcoming frame fills the other half of the buffer, 

direction. It will be seen in FIG. 17A that each A bit in the Centring with the rotation flow steps, 

toprcw(iiicomiiig).u 4. Read the A signaling byte and retain the PQ.P1 bits in 

each byte in the reformatted arrangement each B bit is detector 211. 

positioned in the second position of each byte, etc Notice 5. Read the B signaling byte, 

mat the bit permutation is the same in either direction. 6. Read the C signaling byte. 

The implementation of this function is shown in FIG. 18 7. Read the D signaling byte, 

and will be described with reference also to FIG. 19. FIG. 18 M 8. Write ABCD signaling using the VT pointer, 

only shows one half of the implementation, from the VTG 9. IF P0=J*1M) in 211 from step 4. THEN process the VT 

card 53 toward the ASRG card 38 or 39, but the opposite pointer normally and store. ELSE Do not iiicrement the 

direction is identical so only one direction is considered to Address Index of the VT pointer, 

simplify the discussion. Most of the time, the data from the l0 Increment VT number (mod 28). The next VT is 

VTG card 53 is passed to the ASRG card 38 or 39, without ^ selected for processing instead of generating the next 3 

modification, via an output selector 2*4. fteferably, only qnadrets of rotated signaling. By only generating one 

when signaling is present at the input does the selector use quadrette of signaling per VTM for each input 

processed signaling from RAM instead of the input data. quadrette, the process avoids a decision of whether to 

This presents a timing challenge. Signaling is available at process the signaling this frame or skip it because it was 

the input for storage into the input signaling RAM 206 at the ^ already computed in a previous frame, 

same time processed signaling from the output signaling 11. IF the VT number counter rolls over. THEN wail for 

RAM is required at the output 2*8. With some care taken in the next burst of signaling and continue from step 1. 

the design of the controller, the two accesses can be per- ELSB. GO TO step 3 and continue processing, 

formed m the 1M nanosecond ( fto m the flow description above, one can recognize 

sec RAM. Alternatively, four separate memories are prefer- 35 indexed addressing requirements and iterative looping on a 

aMyused. counter. While these constructs are historically the property 

After 672 bytes of signaling have been nmmnilatrd in the ^ software, they can be implemented in hardware on a 

input buffer, the rotator 207 begins p rrmntating the signaling united basis. 

bit order. For each input quadvettes of signaling, a new m g^p 3 of the flow, mere is a description of the VT 

quadrette is generated. Therefore, 28 guadrets are generated ^ pointer: To further visualize how this pointer operates, FIG. 

every 125 usee The alte rn at iv e to this technique is to wait 19 gives a list of signaling 219 for one VT1.5 in the input 

for an entire superframe of signaling to be collected and buffer and shows the interaction of the VT pointer with the 

perform the rotation. Therc<atk)noperatkmcouldtalD;upto signaling write pointer and the data. The signaling mutti- 

3 msec and definitely would require more than 125 usee. By frame is typically not aligned with the RAM buffer start 

limiting the operation of meiotatortokssthanaframetime. 4S address. 

the arbitration for RAM access is simplified. Unfortunately, pointer 22# contains the address of the next data 

the frame by frame processing implementation is more to be read from the output buffer and points to the last data 

difficult to follow. Below is a description of the signaling written to the input buffer. The VT pointer 222 is an index 

rotation flow: used with the write pointer* The index is performed in such 

1. Write 28 signaling bytes received from the VTG card jn a way that the first read operation of the rotator preferably 
into RAM 2*6. Read 28 rotated signaling bytes from always accesses *A f signaling bits, Le^ the VT pointer is 
RAM for output at 206 to me ASRG card. The input updated: BitPtr=*. Index*-. The index is decremented since 
STS-1 has all the VT1.5 frames aligned by the VTG the write pointer Increments and the next signaling data is at 
cards. This forces all signaling bytes to occur in 28 the same location. The same access also verifies the P0/P1 
successive bytes of the SONET frame. This signaling 53 bits. When an error is detected, the VT pointer update 
burst is used to delimit the signaling rotation process, algorithm is modified. The two LSBs are reset to zero, and 

2. Set the VT counter number to VT1.5 #1. This counter the Index portion Is set to 24. This is die state of the VT 
219 is used to select one of the 28 VT1.5's in the pointer at the beginning of a VT muttiframe. 

SONET superframe. The write operation makes no attempt to align the incom- 

3. Use the VT number to read the mnhtframe alignment <so ing data with the write pointer, so the VT1.5 mulriframedoes 
from the array of multiframe alignment pointers. not necessarily begin at address zero. The store operation 

~VT pointer* is used as a shorthand notation for the VT happens very fast (154 sec per byte) and there is no time to 

multiframe ahgnrnertpo^ as determiiieinultiframeang^ 

shown in FIG. 2#. wherein the last six bits 216 are the the receive operation. This burden is shifted to the process- 
address index field and the first two 217 are the bit pointer (a ing phase of the rotation. 

field. The bit pointer field 217 tracks which of the 4 signaling Translation between TR-TSY-8 and TR TSY-303 is not 

bit positions in the input signaling are to be used to construct synunetrical for both the send and receive directions. 
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Primarily, this is due to the differences in interpretation (or The Unicode detection algorithm is described in TR-TSY- 

jneaning) of die signaling bits, Le^ signaling directed toward 303, section 4.7. under Trunk Conditioning. 

the channel unit indicates ringing and test while signaling y a Read the 2 bytes of Unicode state 

from the channel unit indicates the ^ «f ^ ^ lb , uWally combine the signaling with the Unicode 

5 st^^eneratc a new UnioxHate. 
function, the resulting 4 hits are presented to a lookup table »uuc w R «na«w * ucw um^ow*. 

225 with an ft bit translation type shown in FIG. 21. The 4 7c. Store the 2 byte Unicode state. 

output bits are the new signaling. Id. Use the channel number to read the translation type. 

The translation table 225 is loaded by the processor before lc Usc g ^ illation type and the 4 bit rotated 

beiiig used the har^^ i0 signaling to access the translation table and keep the 

mere are 2T* (1.8xl0 19 ) possible translations. Since the friittsllated result 

control word for such a translation would be an ^gainty 64 to no. 16 , ^ Spyder-T Access block 194 

bits long, the translation has been hunted to 256 possibflj- ^ . * . -c/cL« Mr h f«r n™-nt*ti™ 

ties. Only 9 translations have been identified at uptime. selects a total of & *am^ tops ea^or pre^a^ 
The signaling translation occurs after the Unicode detection ^Spyder-T ^ c °f^ c ^ ***** ?V^^t 

hi the flowchart 15 raG - 11 4150 dirccts mc 32 004111161 output of Spyder-T 

Unicode and DSO Yellow signals are special signaling chip 195 to the designated *™ SJ?" 1 rate 
states. They are used to indicate alarm or unequipped outputs (to the rotator section 192 and the DTAU Access 
channel situations. These signaling states are only present section 196). Spyder-T chip 195 is an mtegrated^arcuit 
from the central office to the remote terminal, so the detector availabie from AT^l'wMch allows termination of a wi or 
is preferably only present on the receive direction. Each DSO 20 Bl channel and is used to te rmi na t e a large number of 
(of 672) requires its own set of timers for perforating the control channels. Each communication channel of the 
detection. The result of the detection is forwarded to the Spyder-T is 64 khps. There are four channels minimum 
rhflniw»i nnfta in riw R ami a signaling hits. The STPcard cm required to communicate with the Operations Systems via 
generate the Unicode and DSO yellow signaling state to the the central office. These channels are the Embedded Opera- 
central office based upon a message received by the NE 25 dons Channel (EOCX the backup EOC the Hmeslot Man- 
frocessor. The SCP card is then instructed to select a agement OiaimcVCc^nmon Signaling Channel (TMC/CSQ. 
translation for the transmit direction mat always generates and the backup TMC/CSC A Pulsecom EOC (PEOQ with 
Unicode (or DSO yellow) regardless of the signaling from backup may also be connected to a Pulsecom Supervisory 
the Hmnnrf "*iir System at the central office. 

The DSO Yellow Alarm and Unicode detection is main- 30 Spyder-T chip 195 is also used to communicate with the 
tallied through the use of a 16 bit structure per channel as Channel Shelf Processors (CSPs). The system of the present 
shown in FIG. 22. invention supports up to 8 channel shelves with redundant 

The MSB is me TR-8 bit If set me TR-8 bit prevents CSPs. Since each CSP requires a c ommun ic at ion channel 
detection of either Unicode or DSO Yellow since these codes there are 16 channels of the Spyder-T assigned to CSP 

are restricted toTR-TSY-3G3ryr^ 35 commnnication, ff there are less than 8 channel shelves 
the local niicroprocessor, and is not modified by the detec- installed, the unused Spyder-T channels may be used for 
tion logic The LSB is the Unicode/Yellow flag. His used to other purposes. 

keep track of whether the Unicode or DSO Yellow is being The total number of Spyder-T channels described above 
detected. is 22. This leaves 10 channels available to implement virtual 

The Det By* field is a 3-bit state counter used to keep 40 KB (up to 3) arto selectively increase bandwidth to channel 
track of the nuinber of consecutive shelves. 

no-detects cf the code. This fieMworkx The Spyder-T is a 32 channel HDLC controller, it is used 
with the UmVYel bit to determine the state of the detection to cammunicatr with the Operation Systems (OS) via the 
process. If Det Hys is zero, the Um/Yel field is meaningless Embedded Operations Channels) (EOC) and Hmeslot 
because the most recently received signaling was neither a 43 Management Channels/Common Signaling Channels 
Unicode nor a DSO YeHow code. For detectica to proceed. (mOCSC). The Spyder-T is also responsive for cwnmu- 
twoccosecutrvecodesiieedtobelbui^ l.thc mention to the 8 CSPs. Since the EOC and TMC/CSC have 
detector only looks for the cx>de selected by the UtuTYel bit backup channels, and there are redundant CSPs. there are a 
If the previous signaling was Unicode, only another Unicode total of 20 channels that the Spyder-T supports. Ibe remain- 
causes the state machine to enter the detected state. Any 50 ing 12 channels are available for future enhancements such 
other code, including DSO Yellow code, causes the Det Hys as virtual terminals (requiring additional EOC and TMO 
counter to be reset to zero. When the detection state is CSC channels) or faster com im i mc a t i ons to some of the 
entered, a value of 7 is placed in the Det Hys field. Entering CSPs. The Spyder-T Access circuit 194. shown in greater 
the detection state also loads the timer field with one of 2 detail in FIG. 23, uses a small amount of memory fox data 
values: 833 for DSO yellow detection or 1083 for Unicode 55 rate buffers and a cross connect list The design of Spyder-T 
detection. This timer is decremented every 3 msec (each access circuit 194 takes into account the met mat there are 
time new rfgimKng js available). While this counter is two STS-1 signal sources which arc not exactly frame 
non-zero, the Efast output is set During this time the Det Hys aligned, but the framing from the CSP is no more than 90 
field is decremented (down to a value of 3) when the bytes and no less than 5 bytes delayed <»mpared to the frame 
appropriate code is not detected and the counter is incre- 60 alignment from the VTG cards. Communication to the CSPs 
mented (up to the value of 7) when the code is detected. If is conducted within the overhead bytes, 
die code is still present at the end of the timeout, the G The actual design requires a RAM 227 to collect bytes 
ci gnaKng hit i « Tf the code is not present at the end of the from the VTG card 53 and Channel Shelf Processor S7 data 
tuttec4it the E and GbiU arc reset T sources. The bytes to be ccdlected to 
when 4 consecutive "no detects- occur after the timer 65 access control memory or connection RAM 228. Connection 
expires. Once the E and G bits have been determined for the RAM 228 is addressed by two frame counters: One frame 
channel, the signaling byte is stored into the RAM. counter 23# for the STS-1 from the VTG card and another 
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counter 231 for theSTS-1 from the Channel Shelf Processor VTL5 frame are usually reserved for the SONET Vo (VI 

(CSP). if me contents of RAM 228 equals zero, a selector through V5) bytes, The interface to the DTAU does not use 

233 ignores the data presented at either interface (zero the Vn bytes, so the Vn byte positions can be used for DSOs 

equals the bit bucket). All other codes indicate a channel. without signaling or even commtini'cation channels from the 

One through 32 are for the Spyder-T channels. The connec- s Spyder-T. 

tkm RAM 228 data is used as an address to the data RAM A processor 199 coordinates and controls the activities of 

227. When a full frame of data has been collected a the other blocks. The drop and insert functions of blocks 

Spyder-T serial interlace 234 reads the data from consecu- 192, 194 and 196 are controlled via rnemory mapped reg- 

trve locations into the data RAM. The design assumes mat isters in memory 2*0. WbHc processor 199 does have access 

all channels are full duplex. That is. data received from a to to the manipulated data, access is seldom required. An 

particular direction and channel requires data to be trans- exception is the data accessed via the Spyder-T. In this case, 

mitted back in the same direction on the same channel. processor 199 {reprocesses the LAPD protocol through the 

Since the conmxunicatioo links are full duplex, the data link layer for the NEP card. The memory bus extension is 

RAM performs two accesses for each active timeslot For used to transfer dam between me NEP cart 

example, the Spyder-T receives an EOC byte from timeslot is rapidly. 

12 and seiris a byte to timeslot 12 towart Ad internal LAN interface 2#2 is used for communication 

timing of the EOC receive does not overlap the EOC to other common equipment This is the LAN port for the 

transmit tuning due to a 5-byte minimum delay at the CSP. NEP card. The SCP card is used to handle the low level 

However, the EOC receive could overlap the EOC backup portion of the protocol just as it handles the low level portion 

timing. In mis case, the data RAM needs to perform 2 20 of LAPD. 

accesses per 6.48 Mhz clock. This is possible but it com- A Reset input to processor 199 on the SCP card is tied to 

pletely ties up the bandwidth of the data RAM. To prevent the NEP cards (both cards of the redundant pair). If the NEP 

other accesses from overlapping, cxaiummication to the card detects a failure in the SCP can! me NEP card resets the 

CSPs are placed away from the EOC andTMC/CSC loca- SCP card. This line is also used by the NEP cards to 

tions. 23 determine if the SCP card is pre«nt w me chassis. 

Referring now to FIG. 24. the Digital Test Access Unit r ^ ^ , . , / 

(DTAU) 196 provides momtaring of splitting access to the f JtmtJM MulUplexer 

subscriber (RBOQ vk a Tl interface. The basic interface is The ASRG card 38 or 39 is placed in the PCM path 

a VTU operating byte in parallel with a frame strobe and between the Signaling Control Processor card 54 and the 

clock r*ovided by me SCP card. The data from the DTAU 30 channel shelf Processor 57 as illustrated in Fia 25. FKx. 26 

to the SCPcard use me ckx± provided by the SCT card and ASRG card bussing and isolation mumplexers. In 

it is frame aligned with the frame strobe from the SCP card. piG. 25. the heavy lines between the SCP cards and the 

Multiframe alignment is indicated by the framing sequence ASRG cards indicate a 9-bit-wide bus. A functional block 

in the signaling byte of the VT1.5. Multiframe alignment diagram of the ASRG card is shown in FIG. 27. 

between to trails^ 35 ^^^^ 57 n! ^ ffl timeslotsonapercall 

norrequued. TWATT . basis under control of the NEP card. These timeslots are 

Data from any d^reetiooi^ r^dn^to the DTAUin 0B m tte ring so that no two active timeslots 

^ V ItSStT^ ^ ^vi^Z^f.^ o^Acconu^trus is possible because each CSP 

position is reserved for „ hasTSmn^te Timt^acc switch function, and the NEP 

be used as ^terri jpu^ 40 assign of timeslots by each CSP via 

rcn^ir^ the576Kb/s CSpSj^ extensions embedded in 

^^Serearesoraesirr^ ^I^^^^^^T^^^ 

^Q—rA—r A.iYTAiTi.i-cf^«-rtwi B if.™ channel shelves is terminated by an SOT-l mtegrated Oram 

rem^^resaiction of stoullMieous in shelf LAN. Messages from the NEP card to the channel shelf 

tihe Spyder-T Acc«s desl^. This design is nXvxdizlhc c—xm^g ptf, in the opposite direction. 

Spyder-T A<x^ because of power iHpnrei^^ . ' \ ^TTm.^ , • 

mV dual port devices. Tte^ p^o^at up to 2 50 * ^^G ^/^?^™^ 

accesses per dock period of the 648 MHz system dock. ^IS- 1 dumncl 8h f f . rm ? * °** IC ^ 

^a^fa«Sd for the Spyder-T H» and dittrinin^ 

a^t^tSa^^ ASRG. to ***** and are then fed to a do* recovery 

EachbuS^rig*isdrv^ T^^tJ^^ ^^^f^ 

byteareaforsignau^ 55 a* clock and is syiichrc*ized by a crystal oscillator 

782) for the rest of the STS-1. There are 4 buffers in each tuning orcmt 257. ^ 

RAM. One buffer is used for access to the ASRG card and The STS recovered data is then fed to a SONET Overhead 

another to the Spyder-T Access. Each of these buffers is Tenniaator (SOT) 259 which finds frame synch and extracts 

duplicated so that a ping-pong buffer scheme can be used. the payioad in byte format The payload output from over- 

The left RAM stores data received from the DTAU. There 60 bead terminator 259 is fed into an elasUc store to compensate 

are two 26 byte buffers for the DSOs and two 24 byte buffers for the difference between the transmit and receive multi- 

f or the signaling. frame sync, due to variable ring delays. The data output of 

DTAU Access block 196 allows rrjonitoring or splitting foe elastic store has parity generated and appended and then 

access to 24 DSOs. Any cojnbination of DSOs from the clocked out to SO* cards 54, A and B* over bus 4. 

Spy der Access block or the ASRG cards can be forwarded 65 m the transmit ASRG card path, the payload data from 

to the DTAU with the appropriate signaling in the signaling SCP cards 54 A and B is broadcast to the ASRG card via bus 

position within the VTU. The ranaining two bytes in the 4 (FIG. 7). The ASRG card im?ut multiplexer 258 selects the 
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appropriate data input and checks parity of this data. This In addition it supports the message line to the cards for 

data is then fed to SONET overhead terminator 259 along control. The CSP within the channel bank accepts modified 

with the appropriate transmit synchronization signal. transmit and receive OC- 1 (MOC-1) optical signals contain- 

The SONET terminator adds die SONET overhead and ing up to 672 DSO channels (and optionally a redundant 

scrambles the data, then the demand data is passed through 5 MOC-1 signal) from the ASRG card in the common shelf, 

an impedance inatchjng circuit 262 to an optical link trans- As uhistrated in FIG 7 OEI A on a shelf re«Wesfrom 

mitter 263at 51.84 Mhz. The optical transmitter also pro- ASRG A card if it is the first shelf in the ring, or from OEI 

vides additional scrambling of the data and then the optical A of the prior shelf and outputs to die acrtshelf OEI or 

data is ottven onto the ring towari to ASRG card A if it is the last shelf. OEI B receives from 

then add/drop subscriber information based on the ring 10 ASRG card B if it is the last shelf, or from me next 

datacoinm channel subsequent shelf and outputs to OEI B on the next prior 

The software features of the ASRG include: ** 1^ S ^ 

_ o a» r*— * a In the channel unit transmit direction, the time slots 

ASRG Software Download, prescntin the MOC-1 signal are routed to iiidividiial channel 

ASRG Hardware CLEL is units on DSO boundaries by the CSP. In the channel unit 

ASRG Software CLEL receive direction* time slots on DSO boundaries are com- 

Performance Monitoring of STS-1 line side. bined into the MOC- 1 signal by the CSP for transmission to 

Accumulation of STS-1 error history. the ASRG card in the common bank. 

Internal performance momtoring. ^ Any combination of channel units constnictcd in accor- 

_ A * u . 20 dance with the present invention (VT1.5 maximum 

Bus 4 performance mofu^oring, bandwidth) and Series 5 channel units is allowable, up to the 

Fault diagncjstics/loopbacte, 48-uttit capacity of the bant If the bank is to be filled with 

Software watchdog* Series 5 dual DSO channel units this results in a 96-channel 

Redundancy switch control, capacity. S the bank is filled with quad-DSO channel units. 

Backplane LAN communication, and 25 this results in a 192-channel capacity. In the minimum 

Termination of the 576 Kb/Sec, LAN/ring extension con- configuration, with 24 dual channel cards (48 channels), 
trol both CSP 57 modules are required, fed by two re dund ant 

links from the two ASRG cards in the common shelf. 
Channel Shelf When quad channel units are used (96 channels), two 

The Series 5-compatible channel bank is for use exdu- 30 CSPs are used, configured redundantly. Each CSP is fed by 
avety in the TR-303 digital loop carrier system of the one link from the ASRG card in the common shelf. Channel 
present invention. Jt provides the interface to the common unit* using significant power, like dual ISDN units, and the 
equipment baiik of the fxesertmvenara^ CSP use onboard power converters from the -48 Volts 

and AT&T Series 3 channel units, as well as a new genera- 35 supply. 

tion of channel units designed specmcafly for tt» system of Optical to Electrical Interface (OEI) Card 

the present invention. FIG. 2& shows a block diagram of the r 

r*mmwJ shelf 28. which was also shown (in less detail) in As discussed above, each channel shelf comprises two 
FIGS. 2, 3. 4, 6, 7 and 25. non-redundant OEIs €4 which provide optical interfaces to 

Channel shelf 28 has two rows of chaimel units 59. each ^ the Channel Sielf Processors (CSP). The OEI modules 
row having a capacity of 24 "AUA* size units. Each "AUA W receive 51.84 MHz rate optical inputs from the common 
size channel unit can serve a subscriber with a bandwidth *Wf ASRG cards, and convert the optical signals to the 
retirement up to 768 kb/s. Subscribers with bandwidth scrambled STS-1 rate stream for processing by the CSP. 
requirements greater man 768 kb/s, up to a The OEb are physically placed within a channel shelf, 

bandwidth of 1728 kb/s. can be served by double-width 43 The architectural placement of the OEI modules within the 
rfmnnrf units, occupying two channel shelf slots. The system of the present invention was illustrated with the 
double- width channel units are plugged into the even- ASRG card in FIG. 25. It can be seen in that figure that the 
numbered slots of the channel shelf. OEI modules arc non-mhintlant, and that in the event that an 

Each shelf also houses two power inoduies, a redundant OEI module fails, the complete OH/ASRG card group 
pair of channel shelf processors (CSP) 57. a redundant pair 30 needs to be switched to protection. In this protection mode, 
of Optical to Electrical Interface units (OEI) and a lest the path is reconfigured to a working connection by use of 
Bus Segmenter (TBS) module 42, providing the channel the other OEI and ASRG card loopbacks. As shown in FIG. 
shelf processor and common shelf interface. Total channel 25, although the OEb themselves are not redundant, the 
bank capacity is therefore 48 channel units (CUs). two rings are redundant, and each ring can be used to complete 
CSPs. two OEIs, four power modules (PCU) 44 and one 55 coBmuinication to those normally served by Mother ring in 
TBS module. The bank is designed to re-use FSC-5 channel the event of a failure somewhere in the ring, 
cards. Fusing for the shelf power is provided on an associ- A block diagram of the OEI is shown in FIG. 29. The 
ated assembly mat also provides management for the OEI optical signal is received by a fiber optic receiver 265, such 
and ring fibers. Message lines 26% couple signals between as an AT&T ODI^50 which has an ST-type fiber connection, 
me OEIs and CUs for series 5 timing and message line eo and a receiver interface 266. The output of the optical 
interface (old and new). Data signal lines 262 for PCM receiver interface is transistor-transistor logic (TTL). The 
include individual TPCM and RPCM lines for each pair of signal is buffered and men driven by a bus driver 267 across 
CUs. the channel shelf backplane to the CSP for further process- 

The bank interfaces to the common equipment through ing. 
OEIs 60 and CSPs 57. The CSP acts as the bank controller ft In the receive direction, the CSP drives the channel shelf 
and also provides the multiplexing between the 48 card slot backplane with the scrambled TTL STS-1 SONET framer 
PCM busses and the STS-1 rate link to the common shelf. output This information is received by a te rminatin g buffer 
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receiver 269 on the OEI and is input to an optical transmitter Using the NMP and NMQ lines, the CSP activates an 
interface drive circuit 27$ and to an optical transmitter 271 appropriate one of relay drivers 285 to energize a relay KA 
such as an AT&T ODL-50. The iJ?n transmitter operates at or KB* closing contact sets KA or KB. and polls the cards on 

a wavelength of 875 nm. the corresponding Channel Shelf and uniquely accesses each 

The fiber connection of the optical transmitter is aho an 5 one. The CSP polls the cards for status changes and exist- 
SPtype connector The transmitter is capable of driving a ence in the slot by checking the NSR lines and determines 
wide range of optical cable types, which allows the system that the TBS is physically present Then using the NMP and 
to offer more cost effective cable options based on the NMQ signals, the CSP enables the New Message line and 

subscriber requirements. assigns an address to the card. The card address is stored in 

TheOmCmcc^isheldua64*16EEFROM273cThe 10 * memory location. The TBS also includes a rotary decimal 

timing signals necessary to read the rt irr information are switch system ID unit which permits the BOC to select 

supplied from an on^board 68HC05 microcontroller 274 idcntifica ^ 7* ^ ? SFL"*^! 

This nucrocontroller also communicates with the CSP over monitor 287 and CPU Alarms unit 289. both of which 

the new message line interface of the present invention. This commiinicate bidirectional^ with controller 28*. 

allows the CSP to read the CLH code Moanation by 15 Channel Shelf Processor (CSP) 
sending a message over the message line to OEI microcoo- 

Holler 274. The CSP 57 is a common equipment module which plugs 

A68HC05 mkrc<»ntrGUeroutp«rt pc*tw mto channdshetf awl provides the mtofacc between me 

program cycle. These pulses are differentiated and used to common shelf and a shell of channel uniis in a tu bank of 

reset an external tiinettit circuit ^ 20 the present invention. As previously discussed, there are two 

the timeout signal activates a drive logic circuit 277 which CSPs in each channel shelf, CSP A and CSP B . The CSP B 

(urns on an OEI fail light and resets the inicrocontroUer. If acts as a hot standby for CSP A. in the event of CSP A 

the microcontroller successfully infH*H»»« the fail light is failure. In the following description "CSP" is assumed to 

turned ^ refer to CSP A unless otherwise stated A block diagram of 

Microcontroller 274 is a masked version of the 8051. 25 lhcCSPis shown in FIG. 31. 

r unnin g at a frequency of 4.0 Mhz. The mkrocontroller The CSP accepts modified transmit and receive STS-1 

masked program is a general purpose program which allows rate streams containing up to 672 DSO channels each. These 

the same processor to be used in different applica- streams are received by OEI Select Mux circuit 288 from 

uons. Two such applications are for the CFU and the OfiL M two OEI modules 6* and form a virtual connection between 

The microcontroller has me ability to execute code from the CSP and the ASRG cards 38, 39 located in the common 

different pages in ROM, each page containing application- eqmpment shelf 26. 

specific code. A 2 bit Application Code** is read by the In the channel unit VP receive direction, the timeslots 
niicrooontroller at boot to give the page information. present in the STS-1 signal are routed to individual channel 
A loopback control causes a line loopback to loop the ^ units on DSO boundaries by the CSP. In the channel unit VF 
signal received from the AS&j card ba^ transmit direction, timeslots on DSO boundaries are corn- 
card. During this loopback. the data path is not broken bined into the STS-1 stream by the CSP. for transmission to 
towards the CSP. Loopback control 279 is controlled by the the ASRG card via the OEL 

CSP over the PSC-5 message lme.m terminal loopback. the For synchronous services wherein the channel unit digital 

data received from the CSP is looped back to the CSP. 40 service payload is synchfonized to the system, or it is an 

During this loopback. the data path is broken towards the analog channel, signaling bits embeddr*! out of band in me 

ASRG card. This loopback is controlled by the CSP over the STS-1 from the ASRG card are extracted and routed to the 

PSC-5 message line. channel units in the upper byte of the 4.096 Mhz backplane 

_. PCM stream. CU-generated signaling is extracted from the 

Test bus Segmenter ^ 4.096 Mhz stream and inserted into the STS-1 stream. The 

There is a single Channel Shelf lest Bus within each PCM streams are identical in function to those used on 

channel shelf providing access to aD the circuits on mat PSC-5. and all the status bit use, as well as signaling bit use, 

shelf. The lest Bus Segmenter (TBS) 42 contains relays KA is supported. In cases where the services are asynchronous, 

and KB which connect the Channel Shelf Test Bus to one of the backplane is clocked at 1.728 Mhz. and the signaling is 

the two System Test Busses under the control of a remote yj passed through to the channel unit without removing it from 

test system-AWock diagram of the TBS is shown in FIG. 3#. the virtual tributary. 

The TBS has its own power supply 282. The CSP serves all 48 slots in the channel shelf, and each 

The TBS communicates with the CSP via an on-board slot supports any bandwidth service up to 12 DSOs with no 

microcontroller 28§ and the New Message Line interface slot restrictions. Services requiring a bandwidth greater than 

281. This interface provides a serial one-wire half-duplex 55 12 DSOs up to a maximum of 27 DSOs can also be supported 

asynchronous coromunicatiojis channel operating at 62.5 from the even slots in the shelf, with the restriction that no 

Kilobits per second. An EEPROM 283 is provided for CLHI other channel unit is served in the odd slot adjacent to that 

code and inventory purposes. The TBS unit interfaces with slot 
the 12- wire channel Shelf Test Bus and both System Test 

Busses. TheTBS has me capability to check Read and Write « CU 4.096 Mhz/1.728 Mhz VF Transmit Direction 

functions for all the registers, to monitor checksum on the There are 24 transmit PCM streams, with each PCM 

software code, and to check all the accessible circuitry on stream being shared by the odd and even slots. For example, 

me card. slots 1 and 2 share PCM stream #1. Each slot can supply up 

On initial power-up, rnkrccontroller 28# goes through to 12 DSOs or one channel unit can supply any bandwidth 

power-up diagnostics and forces NSR low in order to report 65 from 13 DSOs to 24 DSOs, provided the adjacent slot does 

its status and existence to the CSP. NSR provides the means not have a different channel unit i nstaflert For many channel 

by which the TBS informs the CSP that it requires service. units, such as dual or quad POTS, mis bandwidth is only 
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partially utilized. Asynchronous services run at 1.728 Mhz card detects the occurrence of BIP parity errors, LOS, or 

and outputs 27 DSOs from the even numbered slot LOR mis results in a switchover to the redundant CSP. 

Id CU VF Transmit Direction Digit Collection* the CSP In the CU 4.096 Mhz/1.728 Mhz VF receive direction, the 

buffers samples of the ABCD signaling bits and the F bit in CSP receiver 298 receives the scrambled data from the OEZ 

the receive direction, and interrupts microprocessor 290 at a 5 module. The scrambled data drives a phase Locked loop 

rate suitable for digit collection. On each interrupt micro- within STS-1 framer 294R which is used to recover the 

jwmMHMrtr so* TMirfa th* signaling htt» the PPM nnmhrr and 51.84 Mhz clock from the received STS-1 data, 

me channel number. Interrupts are preferably only generated Additionally, the data are descrambled to the polynornial 

onactfvetimeslc4s.Themk^^ X?+X*+l. The data stream is then docked into the STS-1 

ON HOOK and OFF HOOK to inform the NEP that a Call 10 receive framer 299 where it is descrambled completely. 

Initiate or Call Tear Down sequence should begin. The CSP Next framing and parity are detected from the Sonet STS-1 

intcroprocessor also interprets the F bit in order to attach section overhead (Al. A2) bytes and BIP-8 (Bl) overhead 

correct miming to the signaling changes on ABCD. Hie bytes respectively. The framing overhead is used to generate 

CSP collects dialed dial pulse digits and hook flashes and a 3 mS STS-1 imiUiframr pulse and a 6.48 Mhz byte clock, 

passes the information to the NEP via the datacomm cfaan- 15 The STS-1 payload is docked out of the framer chip on byte 

net boundaries into the DSO Time Slot Assignment function. 

In CU VF Transmit Direction Rate Conversion And CU In the event of an optical link failure between the CSP and 

Strobe Generation, the 4.096 Mhz/1.728 Mhz PCM the ASRO. the CSP performs freeze frame and trunk con- 

timeslots from the CUs arc applied to a rate converter 292 ditioning to all applicable channel units as well as DSO idle 

wtrirh imrrtft thrrn, inrhwAng ABrn rfgnaHng if appH^hl^ 20 code insertion towards the drop. The CSP also transmits an 

into 28 VT1.5 frames. Hie CUs of the present invention time Alarm Indication Signal (AXS) upstream toward the ASRO 

their time slot access based on NP and NQ pulses generated card. 

by the CSP. The NQ pulse width conveys multiframe timing For CU VF Receive Direction DSOTlmeslot Sot Assign- 
in the case of synchronous channel units. In die case of ment And Si gnaling Buffering, the paralld 6.48 MHz pay- 
asynchronous channel units, the NQ pulse informs me 25 load data received from the STS-1 framer is clocked into the 
channel unit when to put out the V5 byte. The CUs of the DSO Timeslot assignment function, and under microproces- 
present invention utilize a single NP/NQ pair per CU slot. sor control, is dynamically assigned to appropriate output 
asserting DSO timeslots when strobed. Older PSC-5 CUs timeslots during the call setup and tear down process, 
utilize separate NRfNQ pairs. ^ Signaling can not be switched through the timeslot assign- 

For CU VF transmit direction DSO timeslot assignment ment since the relationship between STS-1 subscriber data 

and rignaiing buffering, the output of the rate converter are and corresponding signaling is frame sensitive, whereas the 

data and <i gngttng busses, each 8 bits wide running at 6.48 timeslot assignment function is insensitive to frame number 

Mhz. These busses are passed through a 672*672 dynamic The signaling is therefore buffered for a maximum of 125 

timeslot assignment switch which is controlled on a per call microseconds before it is read out to match the correspond- 

basis by the Network Element Processor (NEP) via the SCP ing switched DSO information. The switched DSO data and 

tome CSP. At the output the signaling bytes corresponding signaling are men input to the PCM rate converter 300. 

to synchronous services have to be buffered for a maximum In CU VF Receive Direction Rate Conversion and Chan- 

cf 125 microseconds before they can be inserted into the nel Unit Strobe Generation, basically up to 28 VTUs are 

£48 Mhz STS-1 tranrc (SOT- l)transrrf ^ extracted from the STS-1 structure (51.84 MHz) received 

an asynchronous service, data and «ign*Kng tie read from from the OBX module. The VT1.5 multiframe alignment is 

the same byte of the timeslot assignment buffer. derived using the SONET path overhead H4 bytes. This 

In the CU VF Transmit Direction STS-1 Frame multiframe timing is used to produce the PSC-5 compatible 

Assembler, the &48 Mhz transmit bus containing data and NSYNC 4.096 MHz backplane sync signal, and to produce 

giggling bytes for all subscribers is input to an STS-1 ^ a phase locked 4.096 Mhz dock. For 4.096 MHz synchro- 

framer 294. This bus contains the payload for up to 28 VTl^ nous PCM operation, the time slot assignment strobes NP 

frames from the rate converter and this payload is assembled and NQ are modulated on a per subscriber basis by inf or- 

into a simplified SONET STS-1 structure. The VTL5 mul- mation passed over the datacomm channel from the Signal- 

tirrame alignment is fixed to the same value as the H4 byte ing processor card lo the CSP oornmunications link. The 

offset value iecefved from the common euuipment shelf 26. x subscriber NFVNQpulse modulation mformatkm is updated 

The output of STS-1 framer 294 is a serial dock and data when DS1 relative frame alignment changes or the DSO 

stream at a rate of 51.84 Mhz. cross connect delay changes. For 1.728 Mhz asynchronous 

In normal mode, the STS-1 576 Khz DCC is used to carry PCM operation, the NQ pulse is not modulated. Instead, it 

die CU VF Transmit Direction datacomm channel used for carries V5 byte sync information for that particular 

rsi> m wrp mmmii irfMrin ng Thifl ABtmrnmm rhsnn-i u m 33 VT/subscrlber. The assertion of the appropriate NP/NQ line 

HDLC protocol. The data bytes originate from mkropro- by the strobe generator informs the channel unit when to 

cesser 290 and are fed to an external HDLC level 2 protocol sample data from the PCM bus. 

handler. A data dock synchronous with the STS-1 D 4 to D 12 For CU VF Receive Direction Digit Insertion, the CSP 

bytes parting is generated, to clock the HDLC data serially translates messages received from the datacomm channel 

out of the HDLC controller. « uuo dial pulse digits. These digits are men written in the 

Pnr pit vFTV»ncfnft rnt»rt»»n n«f PiwwHng th#» yrg.i form of ON HOOK/OFF HOOK signaling codes to die 

interface adds A2, A 1 framing and calculates BIP parity on signaling buffer. The dialed digits are read out of me 

the input payload data. Then the data are scrambled to ensure signaling buffer in real time and inserted into the PCM 

sufficient "ones" density to recover the dock at the other stream towards the channel unit by the rate converter, 

end. AH overhead generation and scrambling is per 65 Bit timing is derived by phase locking the backplane 

TA-NWT-253. The data are then driven via a bus driver to timing to the dock r ecovered from the received STS-1 

the Optical Electrical Interface module (OEI). If the ASRG scrambled data. The CSP is loop timed from the common 
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equipment shelf. Frame timing is derived from the STS-1 
framer using a 4.096 MHz phase-locked loop 302. 8 KHz 
and 64 KHz clocks for DDS. ISDN, and other data services 
are also derived from this master timing. Additionally, the 
CSP produces a 1.728 MHz clock (VT1.5 rate) which is 5 
derived from the 5 1.84 MHz line tuning. This clock is used 
to support asynchronous services. 

CSPnucn)processor29tisaMc4orQlaMQ 
with a 16.67 MHz crystal. The core also contains 256K bytes 
of page erasable ROM and 256 k bytes of RAM. The 10 
processor core handles 5 comniunications channels. Two 
68340 on-chip UAKIs 304 and 305 handle me two 62J KHz 
asynchronous 9 bit half duplex new message Hoe channels 
(NMSG1 and NMSG2).The UAKT dock is derived from an 
external 4 MHz resonator circuit An external memory 13 
mapped protocol h* w f fl er chip supplies an asynchronous 
UAKT 306 and a synchronous HDLC level 2 controller 307. 
The UAKT is a full duplex async 64 KHz communications 
link between the primary and backup CSP. The HDLC 
controller handles the level 2 protocol on the CSP to 20 
SCP/NEP datacomm channet embedded in the STS-1 
D 4 -D , 2 bytes. The CSP is configured to pass the 576 KHz 
DCC to the HDLC controller. The fifth communications 
channel that the microprocessor core has to handle is the 
PSC-5 compatible message line. 25 

Processor 290 interprets messages received over the data- 
comm channel, via the HDLC controller, and assembles 
messages to send over the datacomm channeL Messages 
indudf! memory administration messages which require 
translation to program the PCM strobes of the program- 
mable strobe generator for support of the PSC-5/SLC5 
rhftnnrf units; update of multiframe boundaries to the pro- 
grammable strobe generator; and messages from the CUs for 
test loopbadt provisioning, alarms, ISDN overhead, and 
such which are translated, if required, and {Mrted to the MSG 
line interface. The CSP also services NSR requests from the 
CUs. Processor 290 also monitors nodes within the CSP. 
parity between the ASRG card and the CSP for faults and 
performs periodic internal diagnostics. ^ 

Messages from me NEP7SCP via the datacomm channel 
are translated into dial pulse ON HOOK/OFF HOOK sig- 
naling towards the drop. Messages are sent from the CSP to 
the NEP over the dararomm channel to initiate a Call Setup 
sequence, after the CSP detects a change in signaling from 4} 
ON HOOK to OFF HOOK sent from a CU. Messages are 
received from the Artammm channd to control the CSP 
dynamic timesjot assignment required in concentrated 
TR303 orTR8 mode. 

The programmable strobe generator provides NPand NQ x 
time- slot-select strobes for use with the PSC-5/SLC-5 chan- 
nel units. Strobe timing is based on the STS-1 (3 mS) 
ii ffiltifrflfmg timing reference and time slot selection is fully 
programmable. Multiframe tuning for NQ pulse width 
modulation required to multiframe-time the CUs is scttaMe 55 
per channd by me processor; For asynchronous digital DS1 
rate extension, the NQ line to the gfcannrf unit slot carries 
VT1.5 frame timing for me V5 byte location, which allows 
the DS0 #1 of the asynchronous service to be located by the 
channel unit 60 

The message line interface is the communications inter- 
face between the CSP and the channd units. The message 
line interface emulates the functionality of the Series 5 
ADU. including the original message line interface and the 
enhanced message based interface. For support of the origi- 65 
nal message line interface. MSG line and an NSR NMP and 
NMQ timing are provide for a shelf of 48 channd units 



under the control of the CSP. For support of the new message 
line interface, an additional signal* NEWMSG. provides 
half-duplex asynchronous multidrop transmission. 

DS1 Extension/ISDN Primary Rate Cards 

The DEU (DS1 extension unit) is a channd unit plug-in 
replacement to provide a DS1 extension or primary rate 
ISDN service in a channd bank of the present invention. The 
DEU plugs into any channd unit' slot In the common 
equipment bank. It provides a synchronous or an asynchro- 
nous digital extension. Two types are provided, one with 
DSX-1 interface, and one with Tl and power feed. 

The Pulsecom DEU provides a DS1 rate interface at the 
RT (remote terminal) of the TR-TSY-000303-compatible 
IDLC system of the present invention, and at the FT and 
COT (central office terminal) of the TR-TSY-000303- 
compatible UDLC system of the present invention. 

On the customer's or subscriber's side, the DEU provides 
a DS1 interface for CPE (customer premises equipment) 
such as multiplexer, digital FBX, D4 channd bank. D4 
digital data bank, or ISDN terminal On the network side, the 
DEU provides a DS1 interface to typical digital network 
elements such as DCS (digital crossconnect system), an 
ADTS (automated digital terminal system), a channd bank 
(such as a D4 channd bank or another PSC-5 system). ISDN 
switch, or a foreign exchange digital switch. 

The standard DEU provides for DS1 clear channel capa- 
bility using B8ZS (192-bit transport) with ESF which per- 
mits its application in twminating and transporting ISDN 
primary rate service. The ESF or TR-8 data link is termi- 
nated at the DEU in synchronous mode. In async mode, the 
DS1 is passed through transparently onto the VT1.5 embed- 
ded in the PCM stream. The data link is monitored but not 
altered. 

The functions of the unit include but are not limited to the 
following: 

ESF. SF (D4). or SLC-96 framing format 

ZBS. B8ZS, or ZBTSI ones-density fulfillment The DEU 

uses CSP byte-oriented signaling and generates its own 

multiframe. 

Robbed bit rignaKng or CSC (common signaling channd) 
Tl alarm detection and generation: yellow alarm (ESF 

and b2=0) and AIS (unframed all ones). 
Tl error detection: CRC BPV. frame errors, and loss of 

signal. 

Internal channd bank error detection: parity errors and 

loss of internal clock. 
Detection of FELB (far end loop back) activation (1100) 

and deactivation (1110) 
Local and remote loop-back 

Provides rate conversion between 1.544 Mb/s DS1 facil- 
ity and channd bank internal VTL5 PCM rate. 

Provides signaling buffering, freeze and trunk processing 
ftjgnaU to channd units. 

Transmit 1.544 MHz dock locked to internal dock. 

Tl up or ring ground detection. 

Supports power-on plug-in replacement 

Does not support equipment redund an cy. 

Digital facility access provided for fault locating and 
monitoring on front panel 

Sdf diagnostics of board synchronization signals, data 
busses, and other critical paths; historical records 

Error history: CV (coding violations). OOF (out of 
frame). ES (errored seconds). SES (severely errored 
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seconds), UAS (unavailable seconds), and DM 
(degraded minutes). 

Interfaces to CSP over internal new message link main- 
tained. 

Remote inventory support 

All options remotely configurable. 

Two separate cards made with interfaces to DSX-1 andTl 
cable interface with power feed. 

The DEU is remotely or locally provisioned and stores its 
provisioning in an internal non-volatile memory. Options 
include: 

Signal Format SF with ZBS or B8ZS, 

ESF with ZBS or BSZS 

ESF/ndl with ZBS orB8ZS 
Transmit Pre-Equalization: Up to 132 feet 

133 to 265 feet 

266 to 398 feet 

399 to 532 feet 

533 to 655 feet 
The DEU allows for valid conversions of signal formats 
and ones-density options between subscriber and network 
sides of the RET. When me Tl interface is provisioned, 
programmable LBO is provided. 

A block diagram of the DEU is shown in FK5. 32. A 
synchronization unit 31# provides synchronization with 
CPE as a stratum 4 node derived from an internal PSC-6000 
clock, which is free running if references are lost. Synchro- 
nization of subtended digital network elements is achieved 
by loop timing from the RDT transmissions. 

In the transmit direction (toward the DS1 interface). 
TPCM input is received by a parity checker 312 which 
checks parity and passes the signals to a rate c onve r si on unit 
313 in which the DEU converts an internal 1.728 Mb/s 
VT1.5 format from the CSP to the 24-channd 1.544 Mb/s 
DS1 rate. After rate conversion, a generator unit 314 inserts 
signaling, framing and new data link (ndl) bits where 
applicable. The unit automatically determines the framing 
format of the system, either ESF or SF. and an interface 
circuit 315 provides the proper interface. Hie output to the 
DS1 is Tx. T and R. and also provides test access at a front 
panel 316. These co mp one n ts are under me control of a 
microprocessor 318. 

In the receive direction, inputs Rx T and R are received 
and processed by units 320-324. also under the control of 
microprocessor 318. The DEU converts the Incoming DS1 
signal to an internal 1.728 Mb/s VT1.5 format for presen- 
tation to the CSP. It also extracts received signaling bits and 
microprocessor 318 monitors me received signal for bipolar 
violations, loss of frame, and loss of signal. This fine status 
information is reported to the bank controller. When the RT 
is acting as an intermediate DS1 node (Le., no grooming at 
me RTX the DEU generates downstream alarms as defined 
in Section 3.7.4.6 of TR-TSY-000303. The DEU can per- 
form bank and group loop-backs under command of the 
bank controller, allowing the bank controller to provide 
sectionalized failure information 

A message line interface unit 326 in the DEU commnni- 
catcs with the CSP via the new message line. The CSP reads 
the DEU run code upon power-up and then provides 
configuration information. It then monitors the status of the 
DEU periodically. The DEU alerts the bank controller 
immediately upon detection of an error condition. The DEU 
provides east and west monitor and full split capability via 
front panel jacks. 

ISDN primary rate is transported via the DS1 extension, 
since it is transported as a byte-synchronous VTL5 payload. 
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There is. however, a special requirement to provide DLC 
system access to each primary rate ESF EOC and to provide 
mediation as described in TR-754. Issue 1. Section 63 and 
TA-784 to the IDIjC EOC. The ISDN primary rate CU is 

5 therefore a synchronous DS1 extension with the capability 
to transport (he ESF EOC back to the NEP via the message 
interface. The datacomm processing function on the com- 
mon shelf performs translation between the FRA EOC and 
thelDLCEOC 

to 

Quad POTS Channel Unit 

The QFOTS-HT (quad POTS channel unit— remote 
tenninal) provides dual single-party MTS (message tele- 
phone service) by interfacing four voice-frequency current- 
15 feed subscriber loops between the digital loop carrier system 
and four end subscribers. 

The QPOTS-RT offers LS (loop start) service and plugs 
into a channel shelf located si the RT. It works in coojuno- 
_ tion with a QPOTS-COT (quad channel unit -central office 
tenninal). an AUA38 or AUA31 (POTS) unit or with an 
AUA39 or AUA32 SPOTS (special plain old telephone 
service) unit operating in LS mode only, located at the COT. 
It also works in conjunction with a PVVP10 or WP10D POTS 
^ unit in me CO, or with the WP36 SPOTS unit if LS mode 
only is required. 

The QPOTS-RT has a nominal rip-to-ring innoedance of 
900 ohms in series with 2.16 inicrofarads. and operates with 
a subscriber loop ranging from 0 ohms to 900 ohms 
xi (excluding telephone set), and source current of 20 mA to 30 
mA depending on loop resistance. Transmit and receive 
insertion losses are nominally 1 dB. with maximum losses of 
5 dB during OHT (on hook transmission) conditions. 
Additionally, the CU [nvgrammably powers down as much 
35 circuitry as possible in idle mode to minimize power. This 
rtianurf unit has the following features: 
Supports four subscriber loops on a single card. 
Meets or exceeds ap pro pri ate t ransmissi on, 
supervision, and signaling criteria ofTR-TSY-000057 and 
40 TR-TSY-000303. 

Front panel test points for direct access to tip and ring of 

all channels. 
Four LEDs indicate which channel is busy. 
45 Rotary and DTMF (dual-tone nuM-nxqueacy) compat- 
ible, 

Compatible with subscriber key set systems. 
A schematic block diagram of the channel unit is shown 
in FIG. 33. The QPOTS-RT, in conjunction with the system 

so of the present invention, interfaces four independent 2-wire 
voice channels 328. 329, 33# and 331 with the digital tine, 
The timing to access each separate channel is provided by 
the bank common equipment Each voice channel provides 
a nominal L0 dB insertion loss in both transmit and receive 

53 directions and requires no adjustment Because all four 
channels are electrically identical the following description 
will concentrate on a single channel and apply equivalently 
to alt 

Incoming VF signals on tip and ring are passed to the 
60 transmit section of one of combos 333. 334 via a solid-state 
SLIC (subscriber line interface circuit) 336. 337. 338 and 
339. Each combo is a combination of a codec plus a filter, 
and has an analog side as well as a digital gate array side. 
The combo uses the filter to limit the incoming VF range to 
63 a nominal 300 Hz to 3400 Hz and then performs an A-D 
conversion before passing it to the digital interface portion 
of the combo gate array as 8-bit PCM. In the embodiment 
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shown, each incoming channel has one SLIC and each towards the COT. The COT receives the code and closes the 
combo handles two channels from the SUCs. CO loop. Dialing consists of either DTMF tones being sent 

The signaling portion of each combo gate array generates over the voice path towards the COT. or dial pulsing using 
the necessary supervisory signaling codes (to be sent to the alternating idle and off-hook codes to open and dose the 
COT) and passes them on to the digital interface portion of 5 COT channel unit loop relay. If the subscriber teniiinates the 
the gate array. The CU generates signaling codes as specified call the RT sends the idle code toward the COT. The COT 
in TR-TSY-000303. Issue 1, Revision 2. Table 12-2tx channel unit opens the CO loop which terminates the call. 

Once every 12S microseconds, the digital interface por- The CO originates a call by applying ringing on the ring 
tion of a gate array in a combo 333. 334 in the QPOTS-RT lead of the COT channel unit Ringing is detected and the 
forwards the 8-bit PCM word, followed by seven bits of to ringing code is sent towards (he KT. The ringing code is 
dgnaKng information and 1 parity (odd) bit through the detected by microprocessor 341 and the ringing relay is 
ASICs standard cell 340 onto theTFCM (transmit PCM) bus activated, causing the ringing voltage to be sent to the 
in the correct time slot The correct time slot is preassigned subscriber. The SUC chip 336-339 associated with one of 
into the CU for each individual channel as each CU has its channels 328-331 leading to that subscriber senses the 
own PCM bus and the dynamic assignment is done at the 15 subscriber going off-hook and sends a ring trip detect 
ASRG card and CSP. The CU does not require program- condition to microprocessor 341. The ringing relay is deac- 
mable assignment to the PCM bus unless it has to operate in rivaled and the off-hook code sent towards the COT. Hie 
an environment with shared PCM busses. Internal counters COT channel unit closes the loop relay. CO ringing is 
locate the slot based on the 4.096 MHz clock and NP and NQ tripped, and the line is seized. 

signals. 20 The CO terminates (he call by opening the loop to the 

The digital interface portion of the gate array also gen- COT channel unit The channel unit sends a forward dis- 
crates signaling used for channel bank internal supervision connect code towards the RT. and the QPOTS-RT interrupts 
and supports the link to the common eauipment via the MSG the subscriber loop current for 1.3 seco nd s, 
interface. For a channel test, on receiving the test code (TR-8 mode) 

In the Receive (RX)Path. the VF and signaling inferma- 25 from the COT. the gate array 333 or 334 in conjunction with 
tion being transmitted by the COT channel unit is sent along rnkroprocessor 341 in the QPOTS-RT drives NSR low 
the digital line in the form of PCM. The RT common which alerts the CSP and the test subsystem in the common 
equipment directs the mcoming PCM onto the RPCM shelf. The common equipment polls the QPOTS-RT micro- 
(receive PCM) bus where, at the appropriate time carre- processor via the message line controlled by the CSP and 
sponding to the position in the channel bank, the channel 30 recognizes me test request in one of the registers. Once the 
unit accepts the RPCM. CTUs (channel test units) have inftMKwwI. the common 

Every 125 microseconds, the digital interface portion of equipment tells the digital interface portion of the gate array 
the gate array accepts the RPCM word and decodes it Into to energize the test relay. The channel test relay connects the 
VF and signaling information. The correct time slot is line-side tip to CHIT and ring to C HTR . and connects the 
pre-assigned into the CU. Internal counters locate the slot 33 drop-side tip to LPTT and ring to LFTR. The channel test 
based on the 4.096 MHz clock and NP and NQ signals. The code is removed and the common equipment allows the gate 
signaling information (7 bits A. B. C* D. E. F. G codes and array, in conjunction with the microprocessor, to return NSR 
1 parity [odd] hit) is used for channel unit and line super- to the normal high state. The channel unit remains in mis 
vision. The CU detects «gn»Kn g codes as specified in condition until the tests are complete and the common 
TR-TSV-000303. Issue 1. Revision 2. Table 12-2a. 40 equipment tells the digital interface gate array to release the 

Next, the VF PCM (Slots) is passed to the receive section relay, 
of the combo 333. 334. The combo carries out a D-A InTO-TSY-303 mode, the test command is received in the 
conversion, and passes the resultant analog VF through a EOC by the common equipment and the QPOTS-KTis sent 
low pass filter (which limits it to a nominal 3400 Hz) to tip the relay control message directly, 
and ring via the appropriate one of SUC chips 336-339. 43 

The digital interface gate array interfaces the common Digital Loop Carrier Fault Conditions 

equipment with the QPOTS-RT by transmitting and receiv- The Tx and Rx voice paths pass VF while the subscriber 
ing data on the bi-directional new message line. Ibis data is oq^oo^ pcnnittiiig on-hook transmission. Exceptions to 
includes channel unit identification, power-up. power-down. this may occur during system fault or reduced power con- 
and channel test. n 50 ditions at which time the combo is powered down and 

A inkxoprocessor 341 superb transmission ceases. 

™ ^^"^i 0 " 0 ^ fimCtiDnS: The on-hook transmission capability is programmable as 

Initializing CODEC follows: 

Imerprcting message line messages ^ No on-hook transmission 

Fault detection Part-time on-hook transmission during the silent interval 

Signal i n g su pervision between the first and second power ringing signals of a 

CLE! EEPROM access terminating call as specified in TR-TSY-000030. Sec- 

Controlting test access relays tion 33.1.1. 

Provisioning 60 Full time on-hook transmission; requires a nailed-up time 

In the following description, where reference is made to slot 

codes sent to or received from a COT. the codes are also The ISDN primary rate channel unit. IRA (primary rate 

applicable to sending to or receiving from an integrated adaptor) is identical to the Synchronous DS1 Extension 

tenmnaL When a subscriber initiates a call, a SUC chip Unit The ISDN primary rate signal is transported as a 

336-339 senses the stibscriber going off-hook and sends a 63 byte-synchronous VT1.5 payload. There is. however a spe- 

loop current detect condition to microprocessor 341 which cial requirement to provide DLC system access to each 

inserts the off-book code on to the PCM bus for transmission primary rate ESF EOC and to provide mediation as 
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described inTR-754. Issue 1, Section 63 and TA-784 to the 
IDLC HOC. The ISDN primary rate CXI is therefore a 
synchronous DS1 extension enhanced to transport the ESF 
EOC back to die common shelf processor via messages 
through the message line, the CSP. the CSP-to-ASRG data- 
comm channeL and then on the intend LAN. TIk common 
shelf processor then performs translation between the FRA 
EOC and the IDLC EOC. 

Virtual Tributary Mapper Apparatus and Method 

The following is a description of the functionality, timing 
and electrical characteristics of a preferred embodiment of 
the virtual tributary mapper circuit of the present invention. 
The virtual tributary mapper circuit (e-g, on VTC card 53 
depicted in FIG. 7) is preferably implemented as an 
ar^licaUon-spe<^c integrated circuit (ASIC), and shall 
hereinafter be referred to as the VTM ASIC or ASIC Other 
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however, can be used. The description of me VTM ASIC is 
in accordance with the following general outline: 

GENERAL OUTLINE 

1. Introduction 

1.1 Overview 25 

12 Conventions 

13 VTM Asic VT and DS1 Mappings 

13.1 Floating Byte Sync VT to Locked Byte Sync 
VT 

132 Floating Async VT to Locked Byte Sync VT 30 

133 Floating Async VT to Floating Async VT 
13.4 DS1 to Locked Byte Sync VT 

133 DS1 to Floating Async VT 
13.6 DS1 to Floating Byte Sync VT 

14 Synchronization Flow 35 

1.5 Maintenance Flow 

1.6 Loopbacks 

1.6.1 Local Equipment Loopback 

1.62 DSl Local Loopback 

1.63 VT Local Loopback 40 

2. ASIC Description 

2.1 Receive Bus Interface 

2.1.1 Equipment Loopback 

2. 1.2 Parity Monitoring 

2.13 CTS-1 Selection « 
2.1.4 STS-1 Tracking 
2.13 H4 Tracking 

2.2 VT FUh Termination Module 
22.1 VT Pointer Interpretation 

222 VT Performance Monitoring 50 
2.23 P 1P0 Filtering 
23 DS1 Transmit Interface 

23.1 VT Demapper 

23.2 Signaling Elastic Store 

233 Desynchronizer M 
23.4 DS1 Mapper 
233 SLC-96 Interface 
2.4 Transmit Bos Interface 
Z4.1 Parity Generation 

2A2 EPM Parity Monitor «o 

243 CTS-1 Selection 

244 CTS-1 Tracking 
243 H4 Generation 

23 VT Path Generation Module 

23.1 V5 Byte Generation 65 

23.2 VT Path ATS Insertion 
233 VT Pointer Generation 
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2.6 DSl Receive Interface 

2.6.1 DSl to Locked VT Mapping Mode 

2.6.2 Floating Byte Sync VT to Locked VT Mapping 
Mode 

2.63 DSl to Floating Byte Sync VT Mapping Mode 

2.64 DSl to Floating Async VT Mapping Mode 
2.63 Maintenance Signals Insertion 

2.7 VT Interface 

2.8 Microprocessor Interface 

2.8.1 R/W Register Control 

2.8.2 0 Bit Access 

2.83 Timing between the Slice and Bus Interfaces 

2.9 DSP Interface 
3. ASIC Interface 

3.1 Pinout 

3.1.1 TelecomBus Interface 

3.1.2 Microprocessor Interface 
3.13 DSP Interface 

3.1.4 Miscellaneous Interfaces 
3.L5VT Interface 
3.L6 DSl Interface 
3. L7 Test Interface 
3.1.8 Power Supply 

32 Interface Timing 

3.2.1 Receive Bus Interface 

322 Transmit Bus Interface 

323 VT Transmit and Receive Interfaces 

32.4 DSl Interface 

32.5 Microprocessor Interface 

3.2.6 DSP Interfaces 

3.2.7 Test Interface 

3.2.7.1. JTAG Boundary Scan 
3.Z7.2. Full Scan 
3.2.73 RAM Test 

33 AC Electrical Characteristics 

33.1 Clock Inputs 

33.2 Input Signals 
333 Output Signals 

1. Introduction 

The following description of the VTM ASIC of the 
present invention a* f 1*™** some familiarity with the follow- 
ing related documents: 

Digital Hierarchy Optical Interface Rates and Formats 

Specifications. ANSI T 1.105-1991. 

Synchronous Optical Network (SONET) Transport Sys- 
tems; 

CoBuooa Generic Criteria. Bellcore Technical Reference 

TR-NWT-000253. Issue % December 1991. 

IDLC System Generic Requirements, Objectives, and 
Interface: Feature Set C- SONET Interface. Bellcore 
Technical Reference TR-TSY-0003G3. Supplement 2, 
Issue 1. October 1989. 

UnidirectionaL Dual-Fed. Path Protecti on Switched, Self- 
Healing Ring Implementation. Bellcore Technical Ref- 
erence TR-TSY-000496 Issue 2, Supplement 1. Sep- 
tember 1991. 

JTC-Xdepicts a specific^embc^ment of an RDT in an 
JX>LC system as described above. The RDT 24 comprises a 
common equipment shelf (CES) 26 and a number of channel 
shelves 28. Each channel shelf (CHS) 28 comprises a 
number of channel units 59 for interfering with subscriber 
units 6L Each channel unit supports a particular type of 
subscriber service such as fiber optics, an integrated services 
digital network (ISDN), and plain old telephone service 



5,784377 

57 58 

(POTS). The CES 26 provides the features that are central to NEP and the SCP card pair comirrtirricate with each other via 

the ROT 24. as described in more detail below. a memory read/write interface. Each SCP card also contains 

Bach OC-3 optical interface card 50 interfaces with an a redundant local area network (LAN) interface, shown by 

OC-3 feeder for converting optical signals theretrom into the dotted lines, to enable it to conimunicate with the 

electrical signals and vice versa* as well as demultiplexing 5 rec^ndaiUNEIVSCPgroin>.aswcllas with omer cards in the 

OC-N signals to STS- 1 signals for further processing by the CES26.Thecojnniiiiiicationisal» 

CES 26. Two identical OC-3 optical interface cards are units 59 via embedded data channels in the STS-1 rate 

provided for channels A and B. respectively. The OC-3 signals, allowing c ommunica tion with both the CES 26 and 

optical interface cards 5t also perform STS-1 SPB pointer the channel unit shelves 28. All omer cards in the system 

processing, and Section. Line and Path overhead termination to (with the exception of older CUs) preferably have onboard 

functions such as alarm detection, performance nxmitoring mkrorrocessors which deal with real-time processing. This 

and controlling the access of other modules to Data Com- keeps the real-time processing required by the main proces- 

munications Channels (DCQ and Alarm and Order Wire sors to a minimum. The caU-processing function is the major 

(AOW) fields. ^—7^ / function which requires real-time processing by the NEP/ 

With continued reference to FIG. 7. demultiplexed STS-1 15 SCP processor group, 

streams from the OC-3 optical interface cards are provided While the following Auction is not located in the primary 

onBusltoSTS-3 Multiplexer (STSM) cards 51. The STSM signal path depicted in FIG. 7j it is contained in the CES 26. 

cards 51 nrovide STS-1 space switching and the capability Twenty-eight DS1 feeders cc extensions are available from 

to add and drop STS-1 streams to and from High Speed the CES- These DSls can be SLC-96. SF or ESF 

Extension Cards (HSEXT) 67. The STSM cards provide a 20 (Superframe or Extended Superfirame) and can be mapped 

parallel 3xSTS-l data interface on Bus 2 to the VTG/Quad into asynchronous or byte-synchronous SONHT floating or 

DS1 (VTG) cards indicated generally at 53. The STSM locked mode VTL5 formats. As feeders, the DSls can be 

cards also perform diagnostic loopbacks to diagnose and TR-TSY-8 or TR-TSY-3Q3 formatted. The 8 VTG cards 53 

isolate faults on both the OC-3 optical interface card side each have four duplex DSX-1 interfaces, arranged in a 1:7 

and the VTG card side of the STSM cards 5L 25 equipment protection scheme. In the case of a VTG module 

There are preferably seven \TC failure, the complete module (4*DS1) is switched off the bus 

VTG card 53. The SCP cards 54 convert the Locked and the eighth VTG module is switched onto the bus. The 

Byte-Sync VT format to a unique Locked Byte-Sync format DS1 feeders can be transported to the RET 24 on a SONET 

To nm»mp>''rfi this, the signaling bits contained in the VTs path and terminated on a VTG card 53. 

are reformatted so mat all the signaling bits for a given 30 1.1. Overview 

subscriber appear in me same byte. The SCP cards also The VTM ASIC is designed to provide various digital 

perform DSO Unicode and Yellow Alarm processing on a signal and VT mappings to and from the locked payload 

per-subscriber basis and translate signaling between used in the ROT 24 architecture disclosed in the abovc- 

TR-TSY-303 mode and TR-TSY-8 mode as required, on a mentioned US. patent application Ser. No. 08/03 U95. In 

per-subscriber basis. After the VT1.5s have been processed 35 the embodiment described herein, each VTG card 53 has a 

and reformatted by an SCP card 54. the data is passed to an pair of VTM ASICs to terminate four VT 1-5 payloads 

Access Shelf Ring Gateway (ASRG) card 38 or 39. which wherein one ASK! is used as a feeder Interface and other 

adds the STS-1 Path and Transport Overhead and then ASIC is used as a channel interface. The VTM ASICs can 

converts the 51.84 MHz data stream to an optical signaL terminate the four VT payloads (interpreting VT pointers). 

Tms optical signal is then broadcasttoaH 40 map VTs into DSls. DSls into VTs. and VTs into VTs. and 

an optical token ring indicated generally at 58. The ring generate payloads in both the crunrel direction and the 

includes the two separate paths 41 and 42 on which signals feeder direction. 

passu opposite A and B direction The ROT 24 utilizes the IEEE P1396 TdecomBus archi- 

The optical signals are converted back to electrical signals tecture to provide data transfer and access between the 

in the CHS 28 by Optical Electrical Interface (GET) cards 6#. 45 modules that coiistitute the ROT. FIG. 34 shows the data 

Two OEI cards are associated with each CHS, one each for flow in a typical dual TelecomBus architecture for DLC 

the A and B portions of the ring 58. These signals are then (Digital Loop Carrier) applications. Common modules 480 

fed to a Channel Shelf Processor (CSV) card 57. The CSP and 4t2 provide interfaces between OC-3 channels and 

card 57 recovers the STS-1 dock and data ajid then performs buses which interface with an OC-1 access module 404. as 

STS-1 rxunter processing to locate the STS-1 SPR The CSP 50 well as a DS1 access module 4*6 for metallic lines, and a 

then performs rate conversion on the VT payload and passes service module 4t8 for VT1.5s. On the channel side, the 

meVTDSOByte-sym&ronouslyto access and service modules also rawide mterfaces to OC-1 

iiiu^ 59. m the case of asynchronous DS1 ser^^ A and B common equipment, designated as 41© and 412, 

card 57 passes the VT transparently, without timing respectively, which are coupled by SONET loops to channel 

modification, to the channel uniU 59. Oto functions of the 35 units in a channel bank indicated generally at 414. The 

CSP cards 57 include dial pulse digit collection and channel units in the channel bank 414 communicate with 

insertion. DSO grooming and Dynamic Timeslot individual units of subscriber equipment such as telephone 

Assignment. ISDN D channel nuiffiriexing. and alarm pro- mstnirnents. The OC-1 AandBcornmonequiranent410and 

cessing. ^ ^ 412 also coinmunicate with signaling and call processing 

The control of the entire system depicted in FIG. 7 is 60 equipment 416. 

maimained by one 1:1 redundant processor group compris- FIG. 35 depicts a typical application for the VTM ASICs 

ing two cards. These cards are one of two redundant Net- as they are used on a VTG (Virtual Tributary Group) card 53. 

work Element Processor (NEP) cards 62 and one of two Each card 53 cwmvises two ASICs, both of which are 

redundant Signaling Control Processor (SCP) cards 54. geiteralry designated as 42#. The left ASIC depicted in FIG. 

Network element control. OSI (open system interconnect) 6a 35 is a feeder side ASIC The right ASIC in FIG. 35 is a 

protocol processing. sigriaUng processing and database tunc- channel side ASIC The feeder side ASIC receives VT 

tionsarccontatocximtheNEP/5CT signals from the Bus 2 via the Bus 2 interface 422 or from 
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the channel side ASIC, and DSI signals from the DSI in the path overhead. The pointer translation tuning (from 

interface 431 Similarly, the channel side ASIC receives VT one bus interface to the other bus interface) bypasses me 

signals from me Bus 3 via the Bus 3 interface 424 or from Floating-to-Locked converter for Floating VT payload gen- 

the feeder side ASIC and DSI signals from the DSI eration. 

interface 43#. The VTM ASICs 42* can each monitor A and 5 Hie VTM ASIC smooths any phase changes due to 

B side bus interfaces for equipment protection* select one pointer adjustments and provides a Locked payload to the 

side, and terminate the four VT payloads. Each ASIC loops downstream or channel side interface using a single frame 

the outputs into the inputs at its bus interface when provi- (125 microsecond (psec)) controlled slip buffer. 

sionedtodoso.Provisioiiingcra>ntn^of anASIC424and The VTM ASIC comprises complete data and control path 

communication with the other ASIC is provided by a micro- 10 diagnostics to provide continuous functional hardware veri- 

processor 426 on the card 53. The rnicroprocessor 426 also fication during operation. The ASIC comprises a micropro- 

communicates with the SCP/NEP pair via a LAN interface cesser interface 45# for reporting status and alarms to me 

428 to coordinate VTG card 53 functions with other com- microprocessor 426, as well as for general provisioning. The 

ponents of the system depicted in HG. 7. \ ASIC also comprises a DSP Interface 451 to provide access 

Since each VTG card 53 can processi four DSls or 15 to the DSP 442 by the ASIC for data processing of the 

W1.5s.foiirr^l interface blocte desynchronizer (FIG. 54), among other functions, as 

couple respective ones of the four DSI signals to and from described in further detail below. The DSP 442 provides 

four line interface units (LIUs) 434. which feed signals to digital filtering for an internal digital phase locked loop 

ana rrom row respective u&i mooc euamn proggn mmnnic (jl/x-uuj iu uic ajul. iuc i^i^. is uau» w »jfuu*,au* uw 

logic devices (PLDs) 436. The FLDs 436 operate as routers 20 output DSI dock, 

for DSI signals by determining which of the ASICs sends or 1.2 Conventions 

receives signals. For example, the PLDs provide DSls to the The bit mapping between the SONET bit numbering 

feeder side ASIC if they are destined for delivery to a central given in ANSI TL 105 and the TelecomBus interface of me 

office, and to the channel side ASIC if they are destined for VTG module is shown in HG. 37. The VTM ASIC design 

delivery to a subscriber unit. Four DSI framcrs 438 provide 23 uses the Bus bit numbering. This description is written using 

framing in the DSI mode. The framers 438 can also be the Bus bit numbering. The SONET bit numbers are also 

incorporated into each ASIC A field data link (FDL) inter- given in certain parts of the specification inside parentheses, 

face circuit 440 extracts and inserts the field data link (FDL) When serial data flow is used, MSB is transmitted first (Le.. 

in DSI mode. The two 1:1 BP interfaces and miscellaneous the VT payload transfer from one VTM ASIC to another), 

logic are interface latches that are accessed by the micro- 30 13 VTM ASIC VT and DSI Mappings 

processor 426. The CLE! PROM. SRAM, and FLASH are Two VTM ASICs are used to provide the VT and DSI 

all memory devices used by the rnicroprocessor fcr program mappings on a VTG card 53, One VTM ASIC is connected 

and information storage. The power converter is used to to the Bos 2 side and receives and transmits Floating 

supply the module with 5 von power. The EFM interface VT1.5s, and the other Is connected to the Bus 3 side and 

HLD and EP bus interface are a controller for the DSI 35 receives and transmits Locked VT payloads. The VTG card 

protection and drop relays. is as shown in FIG. 35. The same VTM ASEC is used for 

FIG. 36 is a functional block diagram of a VTM ASIC both the feeder and channel sides, allowing the same type 

42t. An ASIC comprises a processor interlace 459 for mappings to be available in both directions. In addition to 

interfacing with the microprocessor 426. four DSI Transmit the mappings described below, a Floating Async VT-to- 

Interfaces 452. and four DSI receive interfaces 454. The 40 Floating Byte Sync VT mapping can also be performed by 

intrrfarf* 452 nirt mmmnnin** with dri mmfc control the ASIC 

PLDs 436w 13.1 Floating Byte Sync VT to Locked Byte Sync VT 

With continued reference to FIG. 36* the Receive Bus When mapping from a Floating Byte Sync VT to a 

Interface 458 and me 'transmit Bus Interface 466 are pro- Locked Byte Sync VT, the VTM ASIC reads the Floating 

vided on each ASIC for receiving four selected VTs from or 45 Byte Sync VTfrom the Bus 2 interface. The VT pointers are 

sending the selected VTs to the Bus 2 or the Bus 3. interpreted and the Roamig Byte Sync VTpay^ 

depending on whether the ASIC is on the feeder side or the through a sup buffer, converted to the VT1.5 Locked Byte 

channel side of the VTG card 53. The VT pointers are Sync format and transmitted to the Bus 3 interface. The 

twmiMt^ fnr tk* four t*>i+*t+A vrk in *n CTS.1 p*yln»d hy frame and signaling information of the received VT is 

the receive VT Path lermination Module 462. Additionally, so preserved with the transmitted VTL5. The received VT 

VT performance, status and alarm signals are monitored si gimliag (£) hit* m pM«d to the VT 1 -S according to phase 

using this module. Conversely, the VT Path Generation adjustments determined by the H4 byte. Transmit VT S bits 

Module 464 plsces either a DSI which has been mapped to are aligned with the demand C1J1V1 from the Signaling 

a \TT or a VTrccerved from either Control Processor (SCP). Hie H4 is monitored to detect a 

envelope. The VT payload envelope is sent to the DSI 55 loss of inutturamc alignment 

Transmit Interface 452, as well as the ccxrespondting VT In me reverse mapping, the VTM ASIC reads the Locked 
interface blocks 456. The VT Interface 456 outputs the VT Byte Sync VT from the Bus 3 interface, framing informa- 
data and control signals as serial V1X which may be used by tion is added to the Locked Byte Sync VT relative to the H4 
the other VTM ASIC The mappings of the received DSI or mnltiframe alignment, passed through to an elastic store, and 
VT signals into me VTs are pe rfo rmed using a full pointer 60 converted to the VT1.5 Floating Byte Sync format. VT 
processor including a pointer interpretation, an elastic store pointer generation is performed for the VT relative to the 
and a pointer generation per VT. as described in more detail Bus 2 synchronization signals, and then the VT is transmit- 
below. This allows any VT (Boating or Locked) to be ted to the Bus 2 interface. 

mapped (and de-mapped) from or to a DSI or serial VT.Tne 132 Floating Async VT to Locked Byte Sync VT 

VTM ASIC can also map selected Floating 65 When mapping from a Floating Async VT to a Locked 

ded Heating VTs to be coiitainedwithm me locked (Channel Byte Sync VT, the VTM ASIC reads the Floating Async VT 

side) payload. Mainframe tjp^ng fa inriifteH hy «n ha Hy** from the Bus 2 interface. The VT pointers are interpreted. 
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and the received VT is converted into to an asynchronous 
DS1 and routed to the framct The founcr extracts framing 
information from the DS1 signal thereby converting it into 
a synchronous DSL and routes it to the VTM ASIC Hie 
synchronous DS1 is passed through a slip buffer, converted 
to the VT1.5 Locked Byte Sync format, and transmitted to 
the Bus 3 interface. Framing is preserved within the trans- 
mitted VT1 .5. Signaling is preserved by extracting the S bits 
from the robbed bit positions of the DS1 signal The received 
DS1 S bits are passed to the VT1.5 acco r din g to phase 
adjustments determined by the H4 byte, Transmit DS1 S bits 
are aligned with the deman4ClJlVl from the Receive Bus 
Interface . The B4 is monitored to detect a loss of multiframe 
alignment. 

In the reverse mapping, the VTM ASIC reads the Locked 
Byte Sync VT from the Bus 3 interface. The received VT is 
converted into to an intermediate synchronous DS1 format 
and routed to the framer. The framer inserts framing inf or- 
matine into the intermediate synchronous DS1 formatted 
signal thereby converting it into a synchronous DSL and 
routes it to the VTM ASIC. The synchronous DS 1 is passed 20 
through an elastic store and converted to the VT1.5 Floating 
Async format The line rate signal is converted to the system 
rate using the bit staffing mechanism of the Floating Async 
VT. The VTM ASIC inserts a fixed VT payload pointer 
value* and then transmits the VT to the Bus 2 interface. 25 

133 Floating Async VT to Floating Async VT 

When mapping from a Floating Async VT to a Floating 
Async VT the VTM ASIC reads the Floating Async VT 
from the Bus 2 interface. The VT pointers are interpreted 
and regenerated according to the timing required for the Bus 30 
3 interface. The Floating Async VT is 0^ transmitted to the 
Bus 3 interface. 

In the reverse mapping, the VTM ASIC reads the Floating 
Async VT from the Bus 3 interface. The VT pointers are 
interpreted and regenerated according to the timing required 33 
for the Bus 2 interface. The Floating Async VT is then 
transmitted to the Bus 2 interface. 

13.4 DS1 to Locked Byte Sync VT 

When mapping from a DS1 to a Locked Byte Sync VT 
the VTM ASIC reads the serial DS1 signal from the UUJ 40 
Framer. The framer extracts framing information from the 
DS1 gignul, thereby converting it into a synchronous DSL 
and routes it to the VTM ASIC The synchronous DS1 is 
passed through a slip buffer, converted to the VT1.5 Locked 
Byte Sync format and transmitted to the Bus 3 interface. 
Framing is preserved within the transmitted VT1*5. Signal- 
ing is preserved by extracting the S bits from the robbed hit 
positions of the D51 signaL The received DS1 S bits are 
passed to the VT1.5 according to phase adjustments deter- 
mined by the H4 byte. Transmit DS1 S bits arc aligned with 50 
the demand CU1V1 from the Receive Bus Interface. The H4 
is monitored to detect a loss of multiframe alignment. 

In the reverse mapping, the VTM ASIC reads the Locked 
Byte Sync VT from the Bus 3 interface. The received VT is 
converted into to an intennediate DS1 format and routed to 
the LIU/Framer. 

13.5 DS1 to Floating Async VT 
When mapping from a DS1 to a Floating Async VT the 

VIM ASIC reads the serial DS1 signal from the LIU/ 
ftamex. The asynchronous DS1 is passed through an elastic 
store and converted to the VTL5 Floating Async format The 
line rate signal is converted to the system rate using the bit 
stuffing mechanism of the Floating Async VT. The VTM 
ASIC inserts a fixed VT payload pointer value, and then 
transmits the VT to the Bus interface. 

In the reverse mapping, the VTM ASIC reads the Floating 
Async VT from the Bus interface. Hie VT pointers are 
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interpreted, the received VT is converted into to an asyn- 
chronous DSL and men routed to the LIU/Framer 

13.6 DS1 to Floating Byte Sync VT 

When mapping from a DS1 to a Floating Byte Sync VT, 
the VTM ASIC reads the serial DS1 signal from the LIU/ 
Framer. The framer extracts frame information from the 
DSL thereby converting it into a synchronous DSL and 
routes it to the VTM ASKL The synchronous DS1 is passed 
through an elastic store and converted totheVTl.5 Floating 
Byte Sync format VT pointer generation is performed for 
the VT. relative to the Bus 2 synchronization signals. The 
Floating Byte Sync VT is then transmitted to the Bus 2 
interface. Signaling is preserved by extracting S bits from 
the robbed bit positions of the DS1 signaL The received DS1 
S bits are passed to the VT1.5, along with the same DS1 
multiframe ■Hgnmmt- and the iimllifiame phase is inserted 
into the PI P0 bit positions. 

In the reverse mapping, the VTM ASIC reads the Floating 
Byte Sync VT frcs; the Bus 2 interface. The VT pointers are 
interpreted, the received VT is converted into to a synchro- 
nous DSL and then routed to the LIU/framer. 
1.4 Synchronization Flow 

VTM ASIC receive frame tuning is driven by the STSM 
card 51. The C1J1 line reflects the STS-1 frame start and 
SFE start, and multiframe timing is extracted from the 
received B4 byte. The add frame timwgeanbesouroedfrom 
three different sources as explained in four categories below. 
The second and third schemes can be mixed to provide 
mapping into different STS-ls in the same OC-3 payload. 
Note that the bus interface can add or drop up to four VTs, 
tracking only one STS-1 payload. The mappings into dif- 
ferent STS- 1 s are generally limited to a group of four VTs. 

1. The add bus CU1V1 signals are generated by the 
STSM card 51 based on the synexnonization signals 
received from system SYNC cards 64. as shown in 
FIG. 38. This synchronization scheme is used for a 
tenninal multiplexer configuration which allows the 
RET to terminate 28 VT paytoads. or generate 28 VT 
payioads. 

2. The add bos CU1 is derived from drop C1J1 and the 
add VI is generated from drop H4 byte, as shown in 
FIG. 39. This configuration provides the VT mapping 
from VTG cards 53 and STS-1 mapping from HS 
Extension cards 67 for outgoing OC-3. 

3. The add bus CI is derived from drop CI. the Jl is 
derived from HS Extension and STS-MUX tracks on 
the H4 byte received from HS Extension cards 67 and 
generates the add VI signaL as shown in FIG. 40. This 
configuration provides the VT mapping from VTG 
cards 53 and/or HS Extension cards 67. 

4. The add bus CU1V1 signals are selected from the 
connections coming from the SYNC cards 64. as 
shown in FIG. 41. Hie SYNC cards 64. depicted in 
FIG. 7 provide synchronization or internal timing in the 
ROT 24 by selecting one of several fundamental timing 
references* such as the receive clock from a VTG card 
53 or one of two OC-3 clocks, as a source. This 
configuration provides full VT mapping from any 
source into the OC-3. 

L5 Maintenance Flow 

Maintenance flow from upstream to downstream. Le_ 
toward the channel side and subscriber units, is shown in 
FIG. 42. On entering a failure state, the high speed interface 
generates a full STS path alarm indication signal (A1S) 
which is interpreted as VT ABs by VTM ASICs. The VTG 
interface translates the VT AIS. VT loss of pointer, and 
PLPO loss conditions into the DS0 AIS and UNICODE for 
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the locked payload mappings, and VT AIS for asynchronous 
VT mappings. The ASIC can also insert the AIS conditions 
if provisioned to do so fox equipment failure, equipment 
loop and H4 loss conditions. The VTM ASIC inserts a VT 
Path Yellow bit if provisioned to do so. 

TheDSl to VT and VT to DS1 mappings from Floating 
VT force a DS1 AIS output upon detection of a VT AIS 
condition, and a VT Yellow is reflected, if provisioned to do 
so. for this tributary for byte synchronous DS1 interfaces. 

Maintenance flow from downstream to upstream is shown 
in FIG. 43. The VTM ASIC inserts VT AIS for the upstream 
when a VT AIS or VT LOP is detected in the downstream 
side. The DSO AIS and UNICODE are transparent to the 
VTM ASIC If provisioned to do so. the yellow bits are 
reported for each layer where they are terminated. FIG. 44 
shows mat STS Yellow is reported at the STS Path Termi- 
nation point VT Yellow is reported at the VT Path Termi- 
nation point and DS1 Yellow is inserted into the frame hits 
of the outgoing DS1 if mere is a demapping. The DSO 
Yellow is reported in the DLC system 
1.6 Lookbacks 

The VTM ASIC provides local and remote loopbacks for 
me Bus Interfaces 458 and 460 (FKj. 36), as well as for low 
speed VT and DSL FIGS. 45A-45D show the various 
loopback modes. The loopbacks at the bus interface can be 
perforrnedindependentryfOTC 

can be used as a test facility to verify mapping and demap- 
ping of selected DSls. This allows online testing capability. 

1.6.1 Local Equipment Loopback 

The local equipment loopback (FIGS. 45A and 45B) is 
performed by looping the transmit STS-1 payload carrying 
four VTpayioads mapped in the ASIC into the Receive Bus 
Interface 458 of FIG. 36. The control is separated for A and 
B sides. When a side is looped, the transmit syndnomzation 
signals are generated from a free-running STS frame 
counter. The data and synchronization signals are looped 
together. The AIS is inserted on the outgoing signal if 
provisioned to do so. This loop can also be used to test a 
single VT while the others are still carrying the active traffic. 

For ieiroCe equipment ioo^ 
the ASSO are looped into the data outputs separately for the 
AandB sides. This loopback can be performed preferably 
only if both add and drop CU1 synchronization signals are 
derived from the OC-3 interface, and the transmit multi- 
frame timing is locked into the receive H4 byte. The AIS 
insertions on the VT and DS1 paths are p er fo rmed, if 
provisioned to do so, in the framer or in the opposite bus 
ASIC 

1.6-2 DS1 Local Loopback 

For DS1 local loopback (FIG. 45CX the transmit DS1 is 
looped back into the receive path along with multiframe 
synchronization and clock signals. The DS1 AIS insertion on 
the outgoing data is performed, if provisioned to do so* 
either in the ASIC or in me framer. Each DS1 can be looped 
separately. 

1.63 VT Local Loopback 

In VT local loopback (FIG. 45D), the VT payload. which 
is passed to the opposite ASIC, can be looped back into the 
transmit path of the ASIC along with V5 multiframe syn- 
chronization and VT strobe signals. The VTA 
the outgoing data is performed, if provisioned to do so. in the 
opposite ASIC. Bach VT can be looped separately. 

2. ASIC Description 

FIG. 46 is a block diagram of the feeder side VTM ASIC 
and the channel side VTM ASIC This drawing depicts the 
nine major functional blocks of each ASIC mat were 
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described briefly in connection with FIG. 36. that is. the 
Receive Bus Internee 458. Transmit Bus Interface 46#, VT 
Path Icrmination Module 462. VT Path Generation Module 
464. the DS1 Transmit Interface 452. the DS1 Receive 
5 Interface 454. the VT Interface 456. the DSP Interface 45 1. 
and the Microprocessor Interface 450. These functional 
blocks are each described in further detail in the following 
sections. 

The VTG card 53 interfaces to Bus 2 and Bus 3 using two 

to VTM ASICs. The VTM ASIC components associated with 
the feeder side and channel side ASICs are configured in 
mirror images of each other. For example, the Receive Bus 
Interface in the upper left-hand corner of FIG. 46 is essen- 
tially identical to the Receive Bus Interface in the lower 

15 right-hand corner of FIG. 46. except that these Receive Bus 
Interfaces are coupled to Bus 2 and Bus 3. respectively. 
Thus, the feeder side ASIC receives its control and data 
signals from Bus 2. and the ^""^ side ASK! receives its 
control and data signals from Bus 3. 

20 Similarly, Bus 2 and Bus 3 are mirror images of each 
other. For protection purposes, both buses are composed of 
redundant bidirectional buses, that is. Bus 2A. Bus 2B.Bus 
3A and Bus 3B. Each of the bidirectional buses is itself 
composed of a transmit and a receive bus. Thus, both Bus 2 

25 and Bus 3 contain four individual buses, a transmit bus A 
(add Bus 2A and drop Bus 3AX a transmit bus B (add Bus 
2B and drop Bus 3BX a receive bus A (drop Bus 2A and add 
Bus 3A), and a receive bus B (drop Bus 2B and add Bus 3B). 
Since all drop buses flow from the OC-3 feeder to the 

30 channel shelves, and all add buses flow from the channel 
shelves to the OC-3 feeder, an add bus on the Bus 2 ASIC 
corresponds to a drop bus on the Bus 3 ASIC, and vise-versa. 
2.1 Receive Bus Interface 458 The Receive Bus Interface 
458 receives control signals and a 19.44 MHz STS-3 8-bit 

35 data stream from drop Bus 2 or add Bus 3. There is a 
separate Receive Bus Interface for both Bus A and Bus B. 
and the bus selection is perf ormed at me VT Path Termina- 
tion Module 462 of the VTM ASIC The Receive Bus 
Interface provides timing for the four selected VT1.5s of the 

40 selected STS-1. equipment loopback. H4 multiframe 
tracking. VT ATS detection and new data flag detection. It 
performs the equipment protection control function of moni- 
toring parity, acmmntoting the parity errors and storing the 
»™«imwit»ty*t errors. The functional blocks of the Receive 

45 Bus Interlace 458 are Equipment Loopback Block 466, 
Parity Monitoring Block 468. STS-1 Selection Block 471 
STS-1 Tracking Block 472. and H4 Tracking Block 474. as 
shown in FIG. 47. 

2.1.1 Equipment Loopback Block 466 

50 The VTM ASK parallel data outputs of the Transmit Bus 
Interface 46* can be mapped into the parallel data inputs of 
the Receive Bus Interface when it is provisioned to do so. 
The equipment loopback function is added for testability. 
The ASK generates VT Path AIS with a good parity forme 

55 data which is output from Transmit Bus Interface, Loopback 
control is provided separately for the A and B sides to 
provide testing of the inactive Vis on one side, while the 
selected VTs are active on the other side. 
2.12 Parity Monitoring Block 468 

«o The 8-bit data, C1J1 synchronization signal and PL pay- 
load indicator of the receive bus (drop Bus 2 or add Bus 3) 
and the C1J1V1 synchronization signal and PL payload 
indicator of the transmit bus (add Bus 2 or drop Bus 3) are 
received along with a parity bit for each side and retimed. 

65 Odd parity is checked during every time slot received of the 
selected STS-1. and errors are accumulated. The parity 
accumulators are not accessible, but when a provisioned 
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threshold value is exceed Bus failure signal is created In the VT pointer translation mode, the VT raters, are 

wilfa an active imcnupt Tbc threshold values arc set inde- terminated, the V5 byte is monitored ana the VT SPE is 

pendentry for both the A and B side monitors. The counter passed on to the VT interface. This allows a Floating VT to 

isloadedwith the threshold value whenever a new threshold be mapped into a Floating VT without changing the content 

value is provisioned, and the acnmmlators can be cleared by 5 of the VT SPE. . w J , 

provisioning&e threshold to zero for initialization. The functional blocks of tht i^^**^*^ 

213 STS-1 Selection Block 478 442 are VT Pointer Interpretation ^ Block 478. VT 

The STS-1 Selection Block 47# uses the incoming syn- Performance Moritoring Block 488. and P1P0 Filtering 

chronization signals and control bits as provisioned to Block 482, as shown in FIG. 48. 

irovide an enable AiriM^ « 2^.1 VT Pointer Interpretation Block 478 

EadbVTM ASIC sdecte one of the three STS-ls from the The VTM ASIC interprets the VT 'H^P**" 

incoming 1944 MHz STS-3 8-bit data stream. explained in the above-referenced Bellcore rascal Ref- 

2. Tracking Block 472 crence TR-NWT-000253. Issue 2, December 1991. The VT 

Using the STS-1 enable signal from the STS-1 Selection pointer interpretation algorithm flow chart and state diagram 

Block 470 and synchronization signals, the STS-1 Tracking 15 are is shown in FIGS. 49 and 49B. and the main Mocks of 

Block 472 generates the payioad timing signals from STS-1 me pointer interpretation algorithm are shown in FIG. 58. 

rowandcotamcwiiiterr The VI byte (VI store 484) contains the NewDataFlag 

sioning and VT enable signals are generated to extract these (NDF) bits. VT itelto andlte two most significant Wis of 

VTs from the data stream. Other strobes from this block the VT pointer, me Nur is in ine rourmosi sig&meam uus. 

provided for each selected VT include a signaling byte 20 and it allows an arbitrary change of ^ pointer valueor 

enable, a VI through V4 strobe, and a positive stuff oppor- pointer size. due toa change inthe payioad (Pmito Decode 

tunity strobe. These VT strobes are used in the STS-1 Block 48*). The normal operation is i^ated wto 0110 in 

Tracking block for detection of NDF (new data flag) and VT the NOT bits. This is called a normal NDF. The NDF hits are 

AIS (alarm indication signal) on aperVT basis. In addition set to 1001 to indicate an abnormal new alignment for the 

to tracking the provisioned VTs. an H4 strobe is generated 25 envelope. The NDF is detected as set if at least three bits 

to enable theH4 Tracking Block 474. match with the NDF (1001) pattern. 

The selected STS-1 payioad timing is generated using a For illustrative purposes, the VTM ASIC processes 

row and column center to science through the 783 VT1.5s. A VTL5 is indicated as 11 in the size bits (Pointer 

positions of the SPE (9 rowsx87 columns ). The counter is Decode Block 486). The received VT size is used to vahdate 

re^ by Jl from to CTS4 Selection » the pointer value, and exit from VT toss of pointer and VT 

by the payioad (PL) sigiiaL Decodes of this cx>unta^ Path AIS conditions. The VTM ASIC does not interpret the 

sequence provide the strobes and enables for the provisioned concatenation indicator. 

vK If thrrc consm*?y» mnttifr»mra of aD "1" patterns are The VT paytoad pointer justifications are detected by 

seen in the VI and V2 bytes of a VT. an AIS signal is looking atthelandDbitsoftheVT pointers (Pointer 

asserted on a per VT basis. The VT AB condition is 35 Adjustment Detection Block 488). The indication of 

removed wh<* a single multifr^ whether or iiot a stuff orjportn^ 

have aU ones in the VI and V2 bytes. by th e I and D bits of the pointer in the same VT superframe. 

2.1.5 H4 Tracking Block 474 The new received rxmitfer value i 

In the Floating VT mode of operation, the H4 Tracking value indicated by the VT payioad counter 49#. and the 

Block uses fee 2-bit H4 coding sequence. The H4 byte is 40 decision is made by a match of 8 or more of the 10 1 or D 

filtered to eliixu^ bit erra bits being invertedL The counter is disabled during one extra 

of imiMframe signal is generated if time slot (during the positive stuff opportunity byte) to 

received in sequence. A new muhiframe alignment is reflect a pointer iiicrement, if the VT payioad pomter I tats 

drrtar^ n1v f \™« «f mH Wfrnn^ is removed, if declared, if arc inverted The counter is enabled for one extra time slot 

four consecutive frames have the same valid H4 sequence. 45 (during the negative stuff opportunity byte. V3) to reflect a 

In the Locked VT mode of operation, the H4 Tracking pointer decrement, if the VT payioad pointer D bits are 

Block utilizes the full 8-bit H4 cooing scqiieiice, aod lc« of inverted. „ ^ _ 

multiframe detection is disabled. H4 is generated from a The VTM ASIC enters a VT loss oi pointer (LOP) stole 

counter synchronized wimtte (VT Path AIS State Detection Block 492) if a valid pointer 

H4 pulse is generated to synchronize the P1P0 filtering 50 is not detected in eigfrt consecutive VT superframes. or if 

Hock of the VT Path Termination Module 462. The VI eight consecutive NDFs are detected as set to *^1. Jtooun- 

through V4 signals are decoded using the two least signifi- ing VT Path AB does not result in entering the VT LOP 

cantbitsofH4andtheVlpartofuie received CU1V1 state. . 

s^T ignored. The VTM ASIC exits a VT LOP state when a valid pointer 

2^V% m^Xttm^mda^Ml 55 with a normal NDF is detected in three consecutive VT 

-The VT Tenmnaticn Momile 462 consists of four superframes. 

identki cfrciSs"to provide access into four different VT VT Path AIS is detected by an all ones pattern inbytes VI 

payloads. Each of these circuits provides the pointer inter- and V2 in three consecutive VT superframes. ^JP^^f*®^ 

{motion algori^ ing VT Path AIS. the VTM ASIC enters the VT Pam AIS 

tion for the VT Path Overhead Byte (V5). and the monitor- 60 state. _ j ^ ^ 

infiofVT path status, alaniisaiidperfoniiance. The VT Path The removal of VT Pam AIS is detected by the VTM 

TenxunauonM 462 operates in two different modes: ASIC when a valid VT pointer is observed with a valid VT 

(D me VT Path Terminating Equipment (FTB) mode; and size and NDF is set to 1001. or when a valid VT pointer with 

(2) meVTi>ointertraiislationn^^ a valid VT size and a normal NDF is observed in three 

In the VT PTE mode, the VT pointers and V5 byte are 65 consecutive VT superframes. The detection of the removal 

terminated completely, and the DS 1 is dernapped from the of VT Path AIS causes the VTM ASIC to exit the VT Path 

VT SPE and passed on to the DS1 Transmit Interface 452. AIS state. 
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The pointer increment and decrement detections are con- In the locked mode of operation, the locked H4 synchro- 
verted Into a single 19 MHz pulse and sent into the VT nization signal coming from the Receive Bus Interface 458 
Performance Monitoring Block 48d for the accumulation of is passed directly to the DS1 Transmit Interface 452. 

the pointer justifications. 23. DS1 Transmit Interface 452 

An indication is generated at the V5 byte location in the 5 The DS1 Transmit Interface 452 uses four identical cir- 

VT SPE. cuits to demap the DS1 signal from the VT payload. The 

22.2 VT Performance Monitoring Block 48* r>si Transmit Interface 452 can demap from a Locked or 

The VT Performance Monitoring Block 48* tenninates plotting VT payload. An elastic store provides the rate 
the VT Path Overhead Byte (V 5X acoumiilatesaroxs and c^nkm between the VT and DS1 rate as well as the 

pointer justifications, and staes the VT path Romance f ^ desynchronizer. This Interface 452 utilizes a 

LSmSfe^S^' sigiial label and path status ^ YK £^ ma ^ 

TTieBIP2 c^Byte heaved Parity WtsmtheVSby^ J*^***!?^^ 

used for error performance monitoring. The BIP2 in bit 7 bit stgnaling of a DSL All of the filtering for the DFLL is 

(SONET bit-1) is calculated on the odd numbered bits 1, 3, 13 preferably implemented using the external DSP 442. The 

5, and 7 (SONET bits 1-3-5-7). The BIF2 in bit 6 (SONET functional blocks of the DS1 Transmit Interface are the VT 

faat-2) is rifirtf**** on the even numbered bits 0, Z 4, and 6 Donapper Block 491 the Signaling Elastic Store 496, the 

(SONET bits 24-6-8) in all bytes of the previous VT SPE. Desynchronizer 498. the DS1 Mapper Block 500. and the 

TTie VTM ASIC calculates the BIP2 bit interleaved parity for SLC-96 Inioficc 502. as shown is FIG. 52. 

the previous muftiframc. compares it with the received 20 23.1 VT Demapper Block 494 

BIP-2 values, and declares a BIP2 error for each BIP2 that The VT Demapper Block 494 extracts the DS1 data from 

does not match its calculated BIP-2. The VTM ASIC accu- the VT payload. There are mree modes of operation for the 

mulates the VT Path BIP2 errors. A return Far End Block VT Demapper. They are Floating Async VT. Floating Byte 

Error or FEBE is generated whenever BTP2 errors are Sync VT. and Locked Byte Sync VT. 

detected. The return FEBE is transmitted to the VT Path 25 In the Floating Async VT mode, the VT SPE is received 

Generation Module 464. The errors are not generated or along with the VS synchronization signal and a VT clock. 

*mimiiiflta»rf if « VT I™* of pntnter nraVT AIS state exists. The VS sync signal is used to determine the location of the 

The bit 5 (SONET bit 3) of the V5 byte is used as the DS1 in the VT SPE. All of the DS1 information bytes are 

reflection of the BIP2 errors to the originating terminal for written to the Desynchronizer 4518. Bit destuffing is per- 

thc VT path terminating performance. The ASIC detects and 30 formed to remove the stuff bits from VT SPE. Majority vote 

accumulates the VT Path FEBEs. The errors are not accu- is used for destuffing decisions in the VT Demapper Block 

mutated if a VT loss of pointer or a VT AIS state exists. 494 to provide protection for single bit errors in the C bits. 

The bit 4 of the V5 byte is a reflected Far End Receive The VTM ASIC 42i provides access to the O bits on a per 

Failure or FERF indication signifying the detection of VT multiframe basis via the microprocessor interface 45#. A 

Path AIS or VT Loss of Pointer at the far end receiver. The 35 status register per VT is reserved to store the 8 O bits per 

ASIC filters the FERF indication for three consecutive nmltiframe. An active interrupt is generated once every 500 

multiframes with an active interrupt on change. usee to provide read and write access to the O bits. 

The bits 3 through 1 (SONET bits 5 through 7) of the V5 In the Heating Byte Sync VT mode, the VT SPE is 

byte represent the VT signal label The VT signal label is received along with the V5 synchronization signal, the VT 

used to identify the content of the VT payload Uiteouipped. 40 dock, and a P1F0 synclvonization signal. The VS sync 

byte-synchronous and asynchronous payload are indicated signal is used to determine the location of the DS 1 in the VT 

with different logic states. The VTM ASIC provides filtering SPE, and the P1P0 sync is used to initialize the multiframe 

of the VT signal label for five consecutive frames with an counter which controls the transfer of signaling information 

active interrupt on change. to the signaling elastic store. The twenty-four DS0 bytes 

Bit • (SONET bit 8) of the V5 byte is used for path yellow 45 along with the Framing bit of the DS1 are written to the 

indication. The VT Path Yellow is detected by a "1" being Desynchronizer 498. The VTM ASIC stores the signaling 

present for ten consecutive VT superframes. This causes a bits from VT SPE into the Signaling Elastic Store 496. 

VT Path Yellow state. The removal of VT Path Yellow is ThePlPO sync signal is also used to create Ihemultifraine 

detected by a zero being present for ten consecutive VT synchronization (sync) pulse or signal for the output DSL 

surjerframes. This causes the removal of the VT Path Yellow 30 The multiframe syn c signal occurs once every twenty-four 

state. The VTM ASIC amirnularrs pointer increments and frames in the ESF framing mode, and once every twelve 

decrements for VTr^performan^ frames in the SF or SLC-96 framing mode. The framing 

status information and alarms. An interrupt is activated mode is provisionable. The multiframe sync signal indicates 

whenever an alarm bit is activated. All of the accumulators the multiframe boundary of the F bits, 

roll over when they reach the irartmiim count The mini- 55 The Locked Byte Sync VTmcxlecjxiatesthesameas the 

mum time in which this can occur is 1X24 seconds. Floating Byte Sync VT to DS1 mode. An exception is that 

The VT Loss of Pointer. VT Path AIS, VT Path Yellow, me lodo^H4 rivaling miiit^^ 

VT FERF, and loss of P1P0 also cause an active interrupt to of thePlPO syne signal, 

be generated. 232 Signaling Elastic Store 496 

223 P1P0 Filtering Block 482 60 The Signaling Elastic Store is a RAM used to the store the 

In the floating mcde cooperation, the PLPObitsof the VT DS 1 signaling bits demapped from the VT SPE until they are 

SPE are filtered, and a 5-bit center is synchronized with the inserted into their robbed bit positions in the DS1 signal, 

received P1P0 bits. A loss of P1P0 signal is generated when 233 Desynchronizer 498 

it is not received in sequence. The loss of P1P0 interrupt can The Desyncfarcioizer 498 is used in all VT to DS1 demap- 

be disabled so the error condition is not created for asyn- 65 ping modes within the VTM ASIC 420. The purpose of this 

chronous tributaries. The algorithm for P1P0 filtering is block is to extract a tributary DS1 signal along with its 

shown in FIG. 51. encoded timing (clock) from a VT payload. The three 
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supported modes of dcsyncfaronizatton are (1) Floating circuit usually consists of an elastic store 510 sized for 

Asynchronous VT to DSl(async mode); (2) Floating Byte- frequency justification and gap absorption, and a taster 

Synchronous VT to DS1 (byte-sync mode); and (3) Locked tracking filter 512 (approx. 160 Hz). This stage is signifi- 

Byte-Syncbronous VT to DS1 (locked mode). These modes cantly more active in the async modes than in sync modes 

place different requirements upon the Desynchronizer. 3 because of the need to track wide frequency variation 

In byte-sync mode, it is assumed that the tributary DS1 (-tf-BO parts per million or ppm) in async mappings, 
signal (at the mapping end) is operating in a synchronous Wim reference to FIG. 54. the VTM ASIC Desynchro- 
(ptesiochronous) manner with the SONET network element nizer 498 of the pfesent invention comprises a single multi- 
(NEX This implies mat tiiniiig traceability port data store 520, a combined averaging phase detector 
level exists at both the tributary NE and the SONET NE. 10 comprising a^tmnia»nr 522 and error latch 524. a synthetic 
Because of this common reference, the only frequency clock generator (digital VCO) 526. and an external DSP- 
difference between the two bridged nodes exists as wander based adaptive filter via the DSP Interface 451. 
(short term variations in frequency due to drift etc.). In this By mpftjiHring 00 the power of an external DSP 442 
operating mode, pointer adjustments (byte stuffs) occur at (FIG. 35) to perform the filtering function, die remaining 
the mapping end only due to these effects, and not due to is two functions are combined on-chip resulting in a gate- 
tributary frequency difference. efficient all-digital design. This furthermore provides the 

The Desynchronizer 498 Is responsible in this mode for flexibility of bracking continuously changing network sped- 

removing the effects of pointer adjustments (byte stuffs) fications with DSP filter software changes only (i.e.. no new 

from the extracted DS1 signal and its synthesized dock. silicon). Four of these niters can be supported simuiia- 

Each VT pointer adjustment would result in an instantaneous 20 neously by a single DSP. 

phase shift of 8 Unit Intervals (IH) if no phase smcrthing In the VTM ASIC the Desynchronizer 498 is an integral 

circuitry were deployed. Additionally, pointer adjustments part of the DSi Transmit Interface 45Z as shown in FIG. 52. 

can result from the higher layer (STS level) transport pointer Operationally, me selected VT (1 of 4) arrives at the VT 

processing, frequency wander, etc. This activity, however. Dernapper Block 494 as a series of bytes (VT__J>AT) 

contributes to VT pointer activity at an attenuated level (Le.. 25 accompanied by several VT control signals. These include: 

28 STS pointer adjustments are equivalent to one VT VT_EN (gapped VT payload marker). V5_SYN (the V5 

adjustment*. Finally, in byte-sync mode. STS and VT over- byte marker), and VT_ERR (VT error indication signal), 

head gaps contribute to phase jitter in the constituent pay- These signals are used to control the write side of the elastic 

load. The Desynchronizer operates to remove the above store 520. The elastic store write counter 530 is driven by the 

effects from the de-mapped DSL 30 gapped VT enable strobe VTCTL. This signal is also fed to 

In addition to the above mentioned sources of phase error. the accumulator 522 as an "ADD 8" control strobe. 

Floating Asynchronous Mappings (async mode) perform The Frame & Stuff_Cti block 532 is used to filter stuff 

frequency justification (bit stuffing) to adjust the tributary control bits (Le.. "C bits) and provide a combined frame/ 

(DS1) frequency to the SONET NE frequency. This again is stuff control indicator bit (b9). In Byte-Sync mode, the DS1 

done to prevent excessive pointer activity in the synchro- 35 frame bit is extracted from the VT signaling byte and written 

nous network, but also introduces additional phase error into the ninth bit position (b8) of the desynchronizer elastic 

(jitter) in the process. store 520. The tenth bit position (b9) serves two purposes: 

lb handle these different types of phase errors, most first it is used as an M ADD 1* control to the accumulator 

SONET desyiichronizers are implemented in two separate 522; and second, it is passed through the store to 

stages as can be seen in FIG. 53. This implementation 40 DS1 frame position to the read side 534 of the store 520. 

consists of a digital FIX- based pointer leak buffer 506. In Async mode, the ninth bit (08) written to the elastic 

followed by a conventional desyncfjromzing PLL (516) store 520 is the combined bit stuff opportuniry/193rd data 

(justmcation buffer). These irnfdementations divide the bit Again, the tenth bit (b9) is used as an **ADD 1" control 

desynchronizatiOIl task into two smaller tasks. te * «mimn1»tnr Ktt. ami *a an +*rrtr* hit" inrffralnr to the 

The pointer leak buffer 506 is used to convert step 45 read side of the elastic store 520. 

function jitter caused by pointer adjustments into low fre- At the DS1 (read) side of the d^syikcfaronizer elastic store 

quency wander in the ^"pp *** signal (tributary). This is 520. a synthesized DS1 fait clock is provided by the VCO 

usually accomplished by means of an N-byte elastic store block 526 to the accumulator 522 as a "SUBTRACT 1" 

510. where the write (input) rate is controlled relative to control The dock is also sent to a divide by 8 or 9 circuit 

pointer activity and the read (output) rate is controlled by an 50 535. which provides the read counter byte enable, and the 

averaging PLL 508 wim a very low frequency transfer 8/9 parallel to serial converter 536 toad pulse. The 8/9 

function (Le^ an integrator). Data is ^"1^ in this decision is made based upon the tenth bit (b9. the frame/stuff 

buffer 506 when pointer justification occurs. Data is control indicator) as it passes through the store 520. If this 

leaked** out of the buffer 506 slowly, a oh at a time, to bit is a logic one. a divide by 9 occurs on the next dSv 8/9 

™*fiti'n an average deficit in the store. This maps the 55 counter cycle. This has the effect of imparting an extra bit 

instantaneous frequency change into a slow frequency into the DS1 stream by allowing an extra bit to shift out of 

change (wander) in the demapped signal the 8/9 parallel to serial converter 536 (Le^ a 1 bit delayed 

The size of the buffer (N) 506 is calculated to allow the load pulse occurs). This does not cause an output rrequency 

absorption of N/2 consecutive unidirectional (positive or change; in fact, it is required to happen once per frame. In 

negative) pointer adjustments. This condition generally only 60 Sync mode, the extra bit is the frame bit and is marked by 

occurs as a "domino effect" when several tandem SONET the tenth bit (b9) containing a one. 

NEs are at their byte stuff threshold, and an event causes The accumulator block 522 operates as a phase compara- 

them all to stuff at the same time. tor for the Desynchronizer 498 by providing a "write minus 

The second stage of this type of circuit is a cotrventional read" phase error as a signed magnitude to the DSP Interface 

PLL 516 which removes the higher frequency jitter that 63 451. The amimiilator contents are stored into a holding 

results from bit unstufn^of the payload as well as tl«c4her latch 524 once per frame, which is controlled by the VT side 

previously mentioned effects (Le.. gap jitter, etc). This 530. This has the effect of averaging out me STS and VT gap 
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jitter from the etror signals. The residual error r epresents the In order to realize a circuit to achieve an appropriate ratio 
phase difference between the VT and D51 streams. The of divl3/divl2 operations, a divide by 5 counter 546 is 
accumulator is increniented (by the VT side) at the byte rate clocked at the system clock speed (19.44 MHz) such that a 
and decremented (by the DS1 side) at the bit rate. This fixed ratio of three <Hvl3 operations and two divl2 opera- 
provides bit Unit Interval (UI) error resolution, with respect 3 tions occur per 5-count cyde. There are 38 of these 5-count 
to the VT dock, to the filter. If a pointer justification occurs* cycles per 193-bit frame ( 193/5=3 8.6). The last 3 bits of the 
the error "jumps" by 4/-8UL which allows the external DSP frame are derived from two dhrl3 operations and one divl2 
filter to differentiate between byte stuff and bit stuff effects. operation to contribute the remaining 0.6 portion. Therefore 
This is advantageous in treating network wander and tribu- with no compensation from the external DSP 442. the 
tary jitter/frequency justification with different filter 10 average frequency for the DS1 clock is: 
responses, as shown in FIGS. 55A and 55B. l/(2432 bits* 1/19.44 MHzy 193 htts/rrame=1.54273 MHz 

The acoimnlator 522 operates in a linear manner and In order to modify the average frequency under control of 
allows persistence of errors even in the presence of elastic the phase compensatiott fed from the external DSP. one or 
store slips. This is accomplished by having separate sup more of the divD operations are forced to be divl2 opera- 
control logic 538 and setting limiting thresholds at the 15 tions in a manner similar to that described above. The 
accumulator. If the frequeiicy erra* reaches a certain level adjustment can occur during any time throughout the frame 
the elastic stare 52* slips, bmtfieaccuiimlatorremaiiis attire since the downcounter 540 free runs with respect to either 
saturation threshold until frequency corrections occur to me ic<3_bit DS1 frame boundary or the DSP update proce- 
ictiucc toe cum. iiuw u» uuuw mv aw*, ui »uv oure or me comroi woro. inc nmn"T m mvi:> upcrauuus 
filter to prevent excessive frequency correction (ix., the DSP 20 which are converted to divl2 operations depends on the 
"clips** at a limit frequency of -f/-130 ppm, and enable signed magnitude fed to the Digital Clock Synthesizer 542 
outgoing DS1 ATS). This prevents violation of network from the DSP. Without any compensation from the DSP. 
specifications for out of range conditions, as shown in FIG. there are 2432 19.44 MHz clocks per DS1 frame, so that the 
56. DS1 AIS masks effects of elastic store sups which may average frequency of the DS1 clock is 1.54273 MHz. 
occur during frequency l imit i ng . 25 lb maintain nominal frequency operation and assuming 

The slip control logic 538 detects elastic store read/write the DSP writes a positive control value such mat the sign bit 

pointer colKsions. A collision window is opened around the | s 4, the DSP writes a control value of 1215 to the 

write pointer, and if the read dock Synthesis block 526c This control value is loaded into 

a slap occurs. The effect of the snp is to d i s p lace the read a downcounter upon an underflow event This control value 

pointer by 5 0% of the store depth from the write pointer: The 30 preloads the downcounter 540 upon subsequent underflows 

sup event is then reported to the microprocessor 426. until the word is overwritten by the DSP. (The new preload 

Slips represent an abnormal condition (Lc, loss of fre- upon foUowiiig ujid^rfowj When the down- 

quency reference) in the network and are arcnmnl a tr d as counter 540 underflows, the event causes one of the divl3 

performance monitoring information operations to be forced to a divl2 operation in the Clock 

The VCO block 526 is used in the Desyndtroiiizer498to 35 Synthesis block 526. For example, if the downcounter 540 

provide a digitally synthesized clock for the detnapped DS1 ^ prdoaded with a value of 1215, two underflows occurs 

signaL A nominal center frequency (fCM.544 MHz) is dating a 125-microsecond frame* and the total number of 

mriprrfn^i when the VCO control value in counter 540 is 1944 MHz cycles is 2430 since: 

1215 (assuming the sign is positive). This frequency is 38x2 dfvl2+38X3 divl3+l divl2+2 divl3-2=2430 cycles 

established by dividing the 19.44 MHz NE dock by 12 and 40 This corresponds to a iiominal frequency of: 
13 using divider 542 (expressed hereinafter as dfvl2 and 

<Uvl3* respectively) in intervals di stribut ed over 125 uS by i/(2*30*ui9.44 MHzyi93=i.5440 MHz 
a "BIAS" counter chain (consisting of a divide by 193 

counter 544 and a divide by 5 counter 546 operating in To achieve a negative frequency delta, a value of between 

tnrallen. The actual division ratio is calculated as follows: 4s 1215 and 2430 is written into the Clock Synthesis Down- 

19 44 MHz/1344 MHz=lZ59 counter Preload block 540. A value of 2430 preferably 

This translates to 114»divl3V79*drvl2 or a ratio of causes only a single divD operation to be fc^ to a divl2 

114:79 (in 125 uS). The digital dock synthesizer 526 is ^^^J^^T^^^^^ ^ 

designed so that the magiiitude essentiafly always ber of 19.44 MHz cycles is 2431 smoe: 

me value 1215 hitoadowiicount» 50 38x24 divl2+38x39 divl3+l dfvl2+2 dfvlS-l=2431 

the external DSP 442 is overridden (as in the locked mode) cycles or a frequency of 1.543365 MHz. 

so that a nominal 1344 MHz dock is synthesized. Without For negatively-signed control values, the frequency jus- 

the two forced dhr 13 to <hV12 conversions, the divide ratio tfficatioo scheme is slightly different In mis case; a single 

is actually 1 16:77, or 1Z60 (2432/193=1X60. which ccxre- divl34o-dfv 12 conversion occurs per frame due to the sign 

sponds to 134273 MHz). 53 This operation happens at a fixed location relative to me 

Stocc 0^9 is approximatdya6.ute bit clock, not the data frame. For nominal operation, a 

5 counter 546 is used toinvert the LSB of negativefy-signed magnitude of 2430 is loaded into the 

counter 544. which results in an evouy distributed 3 ait of downcounter to provide one dfvl3-to-divl2 conversion due 

5 (ttd) control for me drv 12/13 counter 542. This ratio is to underflow, and one <tivl3-te-dfv 12 conversion due to the 

further modified by opening up to 3 additional control 60 negative sign bit This results in a nominal frequency: 

opportunities fee fcrc^ 38x24 divl2+38x39 divl3+l divl2+2 divl3-2=2430 

out the frame. Nominally, two of these are taken as addi- cydes. 1344 MHz. 

oonal divide by 12s (Le^ 114:79). If a positive frequency To achieve a positive frequency delta, a value of between 

i tt f^iim^ thft third nppQrtunity is taken as a divide by 1215 and 2430 is written into the Clock Synthesis Down- 

12 (Le.. 113:80). If a negative delta is required, one of the 65 counter Prdoad block 541. A value of 1215 causes two 

two <tivl2 opportunities is taken as an additional div 13 (Le.. underflows (just as in the case of a positive m ag ni tu de ) and 

115:78). therefore two drvl3-to-divl2 conversions and an additional 
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conversion due to the sign bit for a total of three divl3-to- 
divl2 conversions. This results in the fastest frequency: 

38x24 divl2+38x39 divl3+2 divl2+l divi3-2=2429 
cydes or a frequency of l/(2429* 1/19.44 MHz)/193= 
L544635MHz. 

This sets the maximum and mini mil m frequency delta to 
4/-635 Hz. which would result from applying the delta 
every frame. The "control voltage 1 * downcounter 540 pro- 
vides resolution to the frequency range. This counter is a 12 
bit (11 bits plus sign) downcounter written by the DSP and 
docked once per system dock. The VCO transfer function 
is quasi-linear with die prdoad value corresponding to the 
center (nominal) frequency depending upon the sign of the 
magnitude, as illustrated by the Desynchronizer VCO char- 
acteristics depicted in FIGS. 57A and 57B. 

The VCO 526 is controlled directly by the DSP Interface 
451 and its control value can be changed at any time (up to 
once per frame). 

The digital implementation of the VCO naturally results 
in a certain amount of intrinsic jitter. This is step function 
jitter with me dominaat frequency component at 19.44 MHz. 
The peak to peak amplitude of this jitter is 0.079 Unit 
Intervals (UI). with respect to the 1344 MHz DS1 clock. 
Jitter of this category falls under Jitter Generation specifi- 
cations in the above-referenced Bellcore Technical Refer- 
ences TR-253 and TR-499. TR-253 has a strict requirement 
for Jitter Generation in Mode II equipment (Lc synchro- 
nous network interfaces). Byte sync DS1 falls into this 
category. The requirement is: <0.01 UI RMS when observed 
through a first order high-pass filter with the lower comer 
(-3 dB) at 10 Hz (no upper corner is specified). The VIM 
ASIC VCO (as mentioned above) produces 0.079 UI peak to 
peak, or O.Q28 UI RMS (assuming the jitter is sinusoidal). 
The additional high frequency jitter attenuation can be 
provided by any of a number of commercial DS1 line 
interface units. Standard DS1 magnetics (i.e^ transformers) 
can provide the high frequency roilaff to meet mis require- 
ment In either case, the advantages cf an all digital imple- 
mentation outweigh the minimal effects of this intrinsic 
jitter* 

The DSP filter block 546 (FIG. 58) is where the Desyn- 40 
chronizer 493 behavior is defined. The frequency tracking 
characteristics are controlled in the filter block 546 through 
filter coefficients 547 and control parameters. Loop filter 
charartnistics such as capture, damping, filter gain, etc are 
all programmable in the DSP inmlemenlation. Several 
options exist for the structural implementation of the filter. 
One approach is a tracking error discriminator* followed by 
two separate filters in cascade, as shown in FIG. 58. This is* 
however, not the only solution. Parallel filters can also be 
used. 

The Desyitchroaizer error data is presented to the DSP via 
interrupt every 125 uS. This interrupt is derived from the 
selected NE reference dock which prevents quantization 
error (La. the coefficient rate is traceable to me SONET 
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23.4 DS1 Mapper Block 50* 

The DS1 Mapper Block 580 (FIG. 52) operates in two 
different modes, that is, async DS1 and sync DSL In the 
async DS1 mode, the DS1 data is read from the desynchro- 
nizer elastic store 520. and fed to a programmable shift 
register to provide parallel to serial conversion. The shift 
register is loaded with 8 or 9 bits of data, depending on the 
frame/stuff control indicator bit (b9) of the desynchronizer 
elastic store 520. which indicates when a stuff bit is included 
with the 8 bits of data. The data is men shifted out using the 
clock from the digital VCO 526 in the Desynchronizer 498. 

In the sync DS1 mode, the DS1 data is read from the 
desyitchronizer elastic store 520. and fed to a programmable 
shift register to provide parallel to serial conversion. The 
shift register is loaded with 8 or 9 bits of data, depending on 
the frame/stuff control indicator bit (b9) of the desynchro- 
nizer elastic store 520. which indicates when a frame bit is 
included with the 8 bits of data. The signaling data is read 
from the Signaling Elastic Store 496. and inserted into the 
DS1 if robbed bit si gnaling j s enabled. The enabling of 
robbed bit signaling is provisioned on a per DS0 basis. 

235 SLC-96 Interface 502 

The SLC-96 Interface 502 (FIG. S2) inserts SLC-96 mode 
framing hit* into thr Transmit DS1 data stream. The SLC-96 
mode DS1 frame organization consists of 24 eight-bit DS0 
channels, preceded by the framing bit for a total of 193 bit 
per frame. The framing bit is used in three ways: 

1. Terminal framing: The framing bit identifies the loca- 
tion of the first DS0 channel in a DS1 frame. This is 
done by toggling the framing bits of successive odd- 
numbered frames in the pattern 1.Q.1J0. 

2. Signaling faming: The framing bit identifies the sixth 
and twelfth frames of every 12-frame multiframe to 
identify the A and B signaling bits. This is achieved by 
setting the framing bits of successive even-numbered 
frames according to the pattern 0.04U.1.1. The sixth 
DS 1 frame Is identified as a zero to one Fs bit transition. 
Similarly, the twelfth DS1 frame is identified as a one 
to zero transition. 

3. Data Link framing: The framing bit identifies the 
frames where the framing bit is used to form a serial 
data tmV ft Is accomplished by first traiisrmtting the 
« gmrfing f ramin g pattern two multffiames. and then, 
during the next four multiframes. replacing the Fs bits 
with data link information bits. Thus, a SLC-96 super- 
frame is composed of six consecutive multiframes (72 
frames). 

The SLC-96 faculty datalink pattern which is transmitted 
from the VTM ASIC is given in FIG. 59. The Cl-Cll. 
M1-M3. A1A2. and S1-S4 bits to be transmitted are 
provisional e. 

Z4 Transmit Bus Interface 460 

The Transmit Bus Interface 460 receives control signals 
and provides a 19.44 MHz STS-3 8-bit data stream to add 
Bus 2 or drop Bus 3. there is a separate Transmit Bus 



reference). The four VT error latches 520 are loaded with the 35 Interface for both Bus A and Bus B, with VTs being sent out 



same signal that causes the interrupt, synchronizing them 
with the DSP. A single interrupt service routine reads the 
four error latches and writes the four VCDs 526 every 125 
MS- 

The DSP overhead for this access is minimal and present 60 
essentially no difficulty in real time. 

The DSP Interface 451 of the VTM ASIC provides sixteen 
bit access to the external DSP device. Additionally, the DSP 
Interface 451 can be tied to the Microprocessor Interface 
450 to allow a reduced cost implementation where a single 65 
processor handles both device maintenance and filter func- 
tions. 



over the active bus. and AIS with good parity being sent out 
over the inactive bus. The Transmit Bus Interface provides 
dining for the four selected VTs of the selected STS-1. B4 
byte generation, and the equipment protection control func- 
tions of generating parity and monitoring reflected parity. 
The functional blocks of the Transmit Bus Interface are 
Parity Generation Block 550. EPM Parity Monitoring Block 
552. STS-1 Selection Block 554. STS-1 Tracking Block 
556. and H4 Generation Block 558. as shown in FIG. 60. 
2.4.1 Parity Generation Block 550 
The CLJ1V1 synchronization signal, and the PL pay load 
indicator are received and retimed. The data, data valid, and 
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parity are output relative to these signals. The parity is an 
odd parity Aftfrniat»rf over the transmit data path and data 
valid strobe. Parity errors can be injected on a per VT basis 
as provisioned. 

2.4.2 EFM Parity Monitor Block 552 

The EFM Parity Monitor Block 552 tracks ail of the 
provisioned Vis in tite selected STS-1. and monitors their 
rejected parity. Reflected parity is the parity calculated by 
the STSM card 51 on Bus 2 or the SCP 54 on Bus3 over the 

rfatft^ rflftt* V ftIM Jinrf parity aignala nnlptrt from the TYanxmit 

Bus Interface 46*. and then reflected back to the VTM 
ASIC Hie EFM Parity Monitor has a programmable delay 
for the VT tracking counter to compensate for the reflected 
parity loop delay. The programmable delay may be three, 
six. nine, or twelve 19.44 MHz clock cycles. When a parity 
error is detected, the VT number which generated the parity 
error (1-28) is stored in a FIFO. This FIFO is accessible 
through the Mkroprocessor Interface 450 with a full indi- 
cator and restart control. The VT numbers) having parity 
errors indicate which VTM is not operating property. Any 
number from one to all twenty eight of the Vis in the 
selected STS-1 can be monitored. The polarity of a reflected 
parity error can be provisioned to be interpreted as an active 
lor 6. An active interrupt is generated when the FIFO is fulL 

2.43 STS-1 Selection Block 554 

STS-1 selection provides an enable during one STS-1 as 
provisioned to extract data from the interleaved 19.44 MHz 
data stream. CI and Jl strobes for the selected STS-1 are 
generated from the incoming sync signals. 

Z4.4 STS-1 Tracking Block 556 

The STS-1 Tracking Block 556 uses row and column 
counting to identify the positions of me SPE for the selected 
STS-1. The counters are synchronized to the received Jl 
sync and enabled by the PL indicator. The row and column 
positions are decoded to provide VT and STS-1 timing 
signals. Four VTlis are selected from the 28 VT13s in the 
SHE. as provisioned, and tracked using the row and column 
counts. Far each of the four selected VT1.5s. an enable. VI 
through V4 strobe, and positive stuff opportunity strobe are 
generated These VTtimuig 

to demand data from the VT Path Generation Module 464. 
The STS-1 Tracking Block 556 also generates a data valid 
(DV) signal to be sent with the data and an H4 indicator for 
the H4 Oencration Block 558. The Data Valid signal indi- 
cates when each of the four selected VTs arc vali<L The Data 
Valid signal can also be active daring the H4 byte of the 
selected STS-1 if provisioDed for H4 byte generation. 

2.4.5 H4 Generation Block 558 

H4 is generated to identify me mnttiframe alignment of 
the signaling for the VT1.5s. and inserted in the selected 
STS-1 of the transmit data stream if the ASIC is provisioned 
for H4 generation. The H4 Generation Block 558. shown as 
558* and 558* in FK>. ft, can be provisioned to select the 
transmit VT rnultiframe timing from two different sources. 
One source (mode 1) is the receive Bus B4 sync. The second 
source (mode 2) is the transmit Bus demand sync (CU1V1). 
For the locked mode (Bus 3 operation), rmiltiframe s i g naling 
nii gfim^t is essentially always aligned with the demand 
sync (C1J1V1). For the floating mode (Bus 2 operation), 
either the demand sync (CLJ1V1) or the incoming H4 of the 
selected STS-1 can be used for rnultiframe sync For the 
floating mode, the demand sync provides rnultiframe align- 
ment with the high speed extension of the SISM card 5L 
and alignment with H4 of the data stream provides align- 
ment with the OC-3 interface card 56. In addition to insert- 
ing the H4 sequence in the data stream, the H4 Generation 
Block 558 generates strobes to control the flow of signaling 
data from a rnultiframe buffer. 
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2.5 VT Path Generation Block 464 

The VT Path Generation Block 464 generates the VS byte, 
inserts it into the VT SFE. and performs the pointer trans- 
lation from the VT pointer value received in one Bus or 
s DS 1 to another VT painter value determined by the synchro- 
nization signals of another bus. The VT Path Generation 
Block is bypassed if this VT is mapped into the locked 
STS-1 frame. Two pointer generation circuits are utilized to 
generate the VT pointers independently for each Bus (A and 

10 B >' 

23.1 VS Byte Generation 

The VTM ASIC generates and inserts the V5 byte for the 
Floating VTs mapped from the DS1 interface. For Floating 
VT to Floating VT mappings. V5 byte insertion is disabled. 
The BIP2 parity is ^imHati-rf over the previous frame and 

15 inserted into the most «g t%ffif ^ wt two bit positions of V5 
byte. The payload pointers and positive stuff locations are 
excluded from parity calculation. The BIP2 parity bits can 
provisionabiy be inverted. Both bits are inverted at the same 
time to create 2-bit parity error. 

20 The FEBE is related to the detected BIP2 errors at the VT 
Path lerjmnation Block. Since both receive and transmit 
frame alignments are different, an up down counter has been 
added to collect the FEBEs . A received error increments the 
counter by one. ft is decremented by one when a FEBE bit 

25 is inserted in me V5 byte location. 

Hie FERF and Yellow axe used to alert upstream terminals 
of detected failure conditions. The VTM ASIC h capable of 
generating a FERF from three sources: (1) a fixed (logic •) 
value; (2) hardware failure detection; or (3) provisioning. 

30 Hardware FERF is reflected in 125 usee upon the detection 
of VT loss of pointer or VT Path AJS ccocftions. Yeflow bit 
is inserted via provisioning only. 

The VT path label is provisionable via the Miaoprocessor 
Interface 45t. 

33 232 VT Path AIS Insertion 

The VT Path AIS is inserted as all ones in the entire VT 
envelope including VI through V4 VT pointer bytes. VT 
Path AIS is generated in 500 usee upon entering a failure 
state. VT Path AIS is initiated when VTM ASIC enters the 

40 VT Path AIS or VT Loss of Pointer state. 

DS1 to VT mappings require VT Path AIS insertion 
related to the DS1 facility failuiesm500usec. A provision- 
ing bit has been added for that purpose. 

Deactivation of the outgoing VT Path AIS occurs within 

45 500 usee of exiting the failure state. When the VT Path AIS 
is removed, the pointer contains a valid pointer with an NDF 
set to 1001 and size set to 11. followed by normal pointer 
operations. 
2.53 VT Pointer Generation Module 6## 

so A VT Pointer Generation Module 600 (FIG. 62) isolates 
the received DS1 or VT frame timing from the transmit Bus 
frame timing. Both sides of the VT Pointer Generation 
Module utilize the same 19 MHz clock and have the VT 
frame format The VT frame and STS frame gaps are 

55 absorbed in this circuit, and received VTrxrinter adjustments 
are reflected linearly to the read side to generate the VT 
pointer adjustments. 

The VTM ASIC generates the VT payload pointers as 
explained in the Bellcore Technical Reference TR-NWT- 

60 000253, Issue 2. December 1991. The functional blocks of 
the VT Pointer Generation Module 6#0 are shown in FIG. 
62, and the algorithm flow chart is shown in FIG. 63. 

During normal operation, the pointer defines the first 
location of the VT SPE in the VT1.5 envelope capacity, and 

65 essentially always inserts NDF with the normal NDF value 
0110. The size bits are set to 11. which indicates the size of 
the VT1J. 
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A four muhiframe sequence counter 6#6 counts the mul- difference between the DS1 line frequency and system dock 

tiframe intervals for the NDF and pointer adjustments as frequency. The muMframe slip causes one set of theABCD 

explained below. Only one pointer adjustment is preferably signaling Wts from each im and a cc^ 

slk^in usecT bits, to either be lost, or repeated, depending on whether 

TfftteaU^^cfttee^dor* changes because of a 5 thane is a "J^^J^^^X^ the 

~. — c-n— ^ •iTvr iw«t*r ru««^t«™, Dee to the different slip rates of the data buffer, and the 

new sy n d*omzafcon received at the VTP^ff signaling and frame b^ek there are twenty-four slips in 

Module 600. or the change of die Jl synctomzation signal Jnf^buffer for every dip in the signaling and frame 

at me Transinit Bus Interface buffed ^ 

accompanied by the NDF set to 1001 (NDF and pointer ^ ^ mapper rcads ^ £>S0 data, frame tits, and 

adjustment decision block 602). The set NDF essentially 10 ^s &om ^ ^ buffer ^ maps them into 

only appears in the first frame that contains the new value. the Locked VT relative to the sync signals from the Transmit 

No subsequent increment ox decrement operations are g us interface. The VT Path Generation Module 464 is 

allowed for three frames following mis operation. bypassed because there are no VT Path Overhead bits or VT 

Z If a positive stuff is required, the OLDFTR value is sent path Pointers in a Locked VT. 

with the I-Wts inverted (I and D Bits Generation Block 608). is 2&2 Floating Byte Sync VT to Locked VT Mapping 

and the subsequent positive stuff opportunity is filled with Mode 

all 0's. The pointer value at the following frame NEWFTR The Floating Byte Sync VT to Locked VT mapping mode 

is incremented by one. No subsequent increment or decre- operates the same as the DS1 to Locked VT mapping mode 

ment operation is afiowed for three muhifxames following with one exception. That is. the DS1 Demapper Block 612 

this operation. 20 receives a byte synchronous VT from the VT interface, and 

3. If a negative stuff is required the OLDFTR value is extracts the DS1 components rxom the VT writing them into 

sent with the D-bits inverted (Block 608). and the subse- the sup buffer 616. 

quent negative stuff opportunity is overwritten with a VT Z6\3 DS 1 to Floating Byte Sync VT Mapping Mode 

SPE data byte. The pointer value at the following frame In me DS1 to Floating Byte Sync VT mapping mode, the 

NEWFTR is decremented by one. No subsequent increment 23 DS1 Demapper block 612 operates essentially the same way 

or decrement operation is allowed for three multiframes as it does in the DS1 to Locked VT mapping mode, 

following this operation. However, the slip buffers are not allowed to sl^ As the slip 

2.6 DS 1 Receive Interface 454 buffers start to fill up, or empty, a negative or positive byte 

The DS1 Receive Interface 454 provides the mapping of stuff request is made to theVTPath Generation Module 464. 

DS1 signals into the VT SPE through the use of an elastic 30 This prevents the slip hrffers from reachiiig to 

stores or a sup buffer. The functional blocks of the DS1 state, and causing a slip. 

Receive Interface are the DS1 Demapper Block 61Z Elastic The VT mapper 618 reads the DS0 data, frame bits, and 

Store 614. Sup Buffer 616. and VT Mapper Block 618. as signaling bits from the slip buffer, and maps them into the 

shown in FIG. 64. The VT frame is essentially always Hoating Byte Sync VT SFB relative to the sync signals from 

syiKfaronized wim the Jl synchronization signal and VT 35 the VT Path Generation Module, and passes the VT SPE to 

clock coming from the Transmit Bus Interface Block 4*6. the VT Path Generation Module. 

Hie Interface Receive DS1 has four mapping modes: (1) USA DS1 to Floating Async VT Mapping Mode 

DS1 to Locked VT, (2) Floating Byte Sync VT to Locked m the Ml to Hoating Async VT mapping 

VT, (3) DS1 to Floating Byte Sync VT; and (4) DS1 to Demapper performs a scad to parallel conversion on the 

Asyuc vr. *o DS1 signaL and passes it to the elastic store 614. Tne frame 

£6\l DS1 to Locked VT Mapping Mode counter in the DS1 Demapper free runs to control the serial 

In the DS1 to Locked VT mapping mode, the DS1 to 8/9 bit parallel conversion to allow for the 193 bft As the 

Demapper Block 612 extracts the ABCD robbed bit signal- elastic store 614 begins to fill up. or empty, a negative or 

ing bits from their DS0 ^»nnrf^ extracts the framing bits positive bit stuff request is made to the DS1 Demapper 

from the DS1 signaL demuhqrfexes the DS1 signal into its 45 Block 612. which performs one extra or one less 9 bit 

component DS0 channels, and passes allof this information parallel conversion to accommodate the rate difference 

to the slip buffer 616 The slip buffer is cornposed of three between the DS1 line dock and system clocks. The VT 

separate buffers: a data buffer, a frame buffer, and a signaling payload is synchronized with the frame and multiframe 

buffer. Each handles the indicated information extracted syndiroiuzatioo signals passed mrough me elastic store 614. 

from the DS1. The DS1 Demapper Block 612 also termi- 50 The VT Mapper 618 inserts the stuff bits, stuff control bits, 

nates SLC-96 Facility Data L^ and overhead bits into the VT SPE. The overhead bits 

lliedafe buffer is orgpiiJzrt inserted into the VT SPE are provisionable. 

date the 8-bit DS0 channels. Each DS0 channel is written 2j6S Maintenance Signals Insertion 

into a location indicated by its channel number (1-24). This The locked mapping requires the m ai n t en a nc e signals to 

allows the data buffer to slip a whole DS1 frame related to 55 be inserted in the DS0 leveL The signaling bits arc over- 

the rate difference between the DS1 line frequency and written with 00 10. and the channels are overwritten with all 

system dock frequency. The one frame slip causes one byte ones, if an AB condition exists. 

of data from each DS0 channel to cite be lost, or repeated. The signaling bits are overwritten wim 0111. tf the yellow 

depending on whether there is a positive or negative fro- bit of the VT control register is set This yellow bit inf or- 

quency difference. 60 mation is inserted into the V5 byte in the floating mappings 

The frame buffer is organized in two bit registers to or rolled into the DS0 yellow in the locked mappings, 

accommodate the frame bit and inultiframe sync indicator. 2.7 VT Interface 456 

The signaling buffer is organized in 4-bit registers to faali- This block provides the parallel to serial and serial to 

tate the out slot signaling rnappmg of the DS1 signaling bits. parallel conversion of the VT connections between the 

Each frame and signaling bit has a specific location in their 65 ASICs. The VT payload is converted into serial bit stream 

respective buffers. This allows the frame and signaling and output along with its serial dock, error indicator and V5 

buffers to sup a whole DS1 multiframe related to the rate synchronization signaL 
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A lccpbsck function per VT is provided ia this block to 
provide limited cross-connect functionality at the VT level 
The serial VT data, clock* synchronization and error signal 
are looped back before the serial conversion if provisioned 
to do so. 5 
2.8 Microprocessor Interface 45# 

The Microprocessor Interface 450 allows either 8 or 16 bit 
read/write access to the memory map shown in Appendix B . 
The interface derives its timing from the microprocessor 
dock and control signals made available to the ASIC. 10 
Microprocessor Interface timing is independent of the inter- 
nal timing of the ASIC. The Interface 45# is generic such 
mat it accommodates different processor types and dock 
frequences. All required handshaking between the ASIC 
42* and the microprocessor 426 are performed in order to u 
indicate successful Bus operations. This Interface preferably 
contains the control* status and alarm registers required to 
correctly provision the VTM ASIC Alarm summary and 
interrupt generation logic relating to specific conditions 
within the ASIC are also included in this Interface. ao 

2.8.1 R/W Register Control 

Individual registers can be accessed via the Microproces- 
sor Interface 45#. Microprocessor read and write accesses to 
the registers can be performed autonomously to the state of 
the ASKl Register values are initialized to a specific state as 25 
defined by the specific application requirements. These 
initialization values remain until the register is written via a 
valid write cycle. When a register is read by the micropro- 
cessor 426. the register contents are preserved except for 
alarm registers. These registers are cleared after a valid read 30 
cycle has occurred to the specified address. Additional 
functional and test specific functions can be added to the 
memory map as required. 

Regarding interrupt processing, the VTM ASIC has the 
ability to initiate an interrupt request to the mi croprocessor 35 
whenever a specific alarm condition is detected. When an 
alarm is detected within the ASIC, the Microprocessor 
Interface 45# activates the interrupt signal to the micropro- 
cessor 426. At that time, the microprocessor acknowledges 
the interrupt by reading the VTM ASIC alarm registers to 40 
determine the cause of the intezru]& The alarm registers axe 
designed such that once they are written, they can only be 
deared by a read from the microprocessor at that specific 
address. This allows alarms to be set and possibly accumu- 
late wimin the register uritOfc cycle is 45 
complete. At this time, the niicrcprocesscc reads the register, 
and the register contents are deared. The control for this 
sequence is derived from the microprocessor dock and 
control signals. 

2.83 O Bit Access so 

The Microprocessor Interface 45# updates O bits when- 
ever the 500 usee VI strobe is received. The 500 usee 
window is shared between the Microprocessor Interface 45* 
and the Mappei/Demapper logic (FIG. 52) such mat the 
registers can be updated and read at different times within 55 
mis window. 

Z&3 Timing between the Slice and Bus Interfaces 
Each slice is capable of selecting the dock from either the 
A side or the B side. A latch has been included into the 
design for every signal transferred from the Bus interface 60 
into the D51 and VT slices or vice versa. These latches shall 
provide half a dock period hold time for every signal 
transferred between the blocks. 
Z9 DSP Interface 

A 16-bit DSP Interface 451 has been added to provide a 65 
digital signal processor access to the ASIC for data process- 
ing of the Desynchronizer 498. The DSP provides the 
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control of the Digital VCO 526 related to the result of the 
filter algorithms. The VTM ASIC provides the bit and byte 
stuffing information into the DSP 442 (FIG. 35) from the 
Desynchronizer 498. The DSP Interface provides an access 
into a single read and a single write register per DS1 
Demapper Block 612 in the ASIC An 8 KHz mterrupt signal 
is also generated internally to provide the synchronization 
between the internal frame and an external device, 

3. ASIC Interface 
The VTM ASIC is preferably implemented as a gate array 
using 240 pin PQFP package. The device can operate in an 
ambient temperature range of -40° to 485° C and over a 
supply voltage range of VDD=5:HL25 V. 
3.1 Knout 

Hie VTM ASIC pin distribution is as follows: 

Inputs ... 102 

Outputs ... 69 

Bidirectionals ... 33 

Power Pins ... 36 

Total ... 240 

Functional definitions of the signal identifications shown 
in FIG. 35 are as follows: 
3.1.1 TelecomBus Interface 

CK19A A side 19.44 MHz Clock Input: OC-3 byte rate 
dock is used to multiplex and demultiplex the VT 
payload into or from the OC-3 payload- ASK! inputs all 
of the A side TelecomBus signals using the rising edge 
of CK19A. All of the A side TelecomBus signals are 
output using the rising edge of this dock. The DS1 and 
VT signals are also output using the rising edge of this 
clock if it is selected from the B side TelecomBus. 

CK19B B side 1944 MHz Clock Input: OC-3 byte rate 
clock Is used to multiplex and demultiplex the VT 
payload into or from the OC-3 payload. ASIC inputs all 
of the B side TelecomBus signals using the rising edge 
of CK19B- All of the B side TelecomBus signals are 
output using the rising edge of this dock. The DS1 and 
VT signals are also output using the rising edge of this 
dock if it is selected from the B side TdecomBus. 

ARIX8> Receive Data Input. A side, bit 8: The most 
significant bit and parity bit of the 1944 MHz input 
data bus. This data bit is docked in using the rising 
edge of CK19A. The content of this bit indicates the 
odd parity calculated on the ARD<7:0>. ARCU1, 
ARFL ATCU1V1, and ATFL inputs. 

ARIX7:0> Receive Data Input Bus. A side: The input 
data bus carrying the payload information for a full 
OC-3 envelope in the byte boundaries. Bit 7 is me most 

clgnfflmnt Hit (M5TR) and hit ft U the least significant bit 

(LSB) of this bus. ARD<7:0> is clocked in using the 
rising edge of CK19A. 
ARPL Receive Payload Indicator Input. A side: Active 
high level indicates the payload locations, and low 
level indicates the overhead locations of the received 
OC-3 frame. It is clocked in with the rising edge of the 
CK19A. 

ARCU1 Receive Composite Synchronization Input. A 
side: 

This signal is used to locate the start of the OC-3 SONET 
frame indicated by a CI pulse and the start of the three 
STS-1 payload frame indicated by three Jl pulses. These 
signals are separated using ARPL payload indicator input 
signals. Each is docked in with the rising edge of CK19A. 

BRD<8> Receive Data Input B side, bit 8: The MSB and 
parity bit of the 19.44 MHz input data bus. This data bit 
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is clocked is using the rising edge of CK19B. The 
content of this hit indicates the odd parity calculated on 
the BWX7.-0X BRC1J1. BRPL, BTCU1V1. and 
BTPL inputs. 

BRIX7:a> Receive Data Input Bus. B side: The input 5 
data hus carrying the payload information fox a full 
OC-3 envelope in the byte boundaries. Bit 7 is the MSB 
and bit • is the least significant bit of this bus. 
BRIX7:0> is clocked in using the rising edge of the 
CK19B. 10 

BRJPL Receive Payload Indicator Input B side: Active 
high level indicates the payload locations* and low 
level indicates the overhead locations of the received 
OC-3 frame. It is docked in with the rising edge of ^ 
CK19B. 

BRC1J1 Receive Composite Synchronization Input B 
side : This signal is used to locate the start of the receive 
OC-3 SONET frame indicated by CI pulse and the start 
of the three receive STS- 1 payload frame indicated by ^ 
three Jl pulses. These signals are separated using 
ARFL payload indicator input signals. It is clocked in 
with the rising edge of CK19B. 

ATPAR Transmit Data Output A side, MSB and Parity 
bit: The parity bit of the 19.44 MHz output data bus. 25 
This data bit is clocked out using the rising edge of the 
CK19A. The content of this bit indicates the odd parity 
calculated on the ATD<7:Q> and ATDV outputs. 

AITkT7:0>TransmttDaUOut^ 
data bus carrying the payload information for the VTs 30 
to be mapped into the transmit OC-3 frame. Bit 7 is the 
MSB and hit • is the LSB of this bus. ATD<7:0>is 
clocked in using the rising edge of the CK19A. 

ATPL Transmit Payload Indicator Input A side: Active 
high level indicates the payload locat io ns, and low 35 
level indicates the overhead locations of the transmit 
OC-3 frame which contains the added Vis. It is 
clocked out with the rising edge of the CK19A. 

ATCU1 VI Trarisrnit Opposite Synchronization Input A 
side: This signal is used to locate the start of the 
transmit OC-3 SONET frame indicated by CI pulse 
and the start of the three tiansinit ST^lr>ayloadfrarne 
indicated by three Jl pulses. These signals are sepa- 
rated using ATPL payload indicator input signals. It b 
clocked in with the rising edge of the CK19A. 

ATDV Transmit Data Valid Output A side: This output 
indicate? the selected VT payload time slots where the 
VTM ASIC updates in the transmit OC-3 frame. It is 
clocked out with the rising edge of the CK19A. M 

APLOOP Parity Loopback Input A side: The reflected 
parity bit of the output data bus. The parity errors 
detected on the ATOVR output are reflected back to the 
ASIC The delay of the reflected parity should be 
specified as 3, 6 or 9 dock periods of CK19A. It is „ 
docked in using the rising edge of CK19A. 

BTPAR Transmit Data Output B side. MSB and Parity 
bit: The parity fait of the 19.44 MHz output data bus. 
This data bit is docked out using the rising edge of 
CKI9BwTteooi)temofthi3bft 60 
ralnilatrtl on the B7TX7:0> and BTDV outputs. 

BTIX7:0> Transmit Data Output Bus, B side: The output 
data bus carrying the payload information for the VR 
to be mapped into the trarismit OC-3 frame. Bit 7 is the 
MSB and bit • is the least significant bit of this bus. « 
BTTK7:0> is clocked in using the rising edge of 
CK19B. 
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BTPL Transmit Payload Indicator Input B side: Active 
high levd indicates the payload locations, and low 
level indicates the overhead locations of the transmit 
OC-3 frame which contains the added VTs. 

It is docked out with the rising edge of CK19B. 

BTC1J1V1 Transmit Composite Synchronization Input 
B side: This signal is used to locate the start of the 
transmit OC-3 SONET frame indicated by CI pulse 
and the start of the three transmit STS-1 payload frames 
indicated by three Jl pulses. These signals are sepa- 
rated using BTPL payload indicator input signals. A is 
clocked in with the rising edge of CK19B. 

BTDV Transmit Data Valid Output B side: This output 
indicates the selected VT payload time slots where the 
VTM ASIC updates in the transmit OC-3 frame, It is 
clocked out with the rising edge of CK19B. 

BPLOOP Parity Loopback Input B side: The reflected 
parity fait of the output data bus. The parity errors 
detected on the BTPAR output are refiecicd back to ihe 
ASIC. The delay of the reflected parity should be 
specified as 3. 6 or 9 dock period of the CK19B. It is 
clocked in using the rising edge of CK19B. 

3.1.2 Microprocessor Interface 

<XrD4PMkroprocessar Clock Input: The local oscillator 
dock of the processor interface is received in the ASIC 
to provide clock activity detection on the 19.44 MHz 
dock. 

AB<9#> Address Bus Input: The 10-bit microprocessor 
address bus provides the addresses for the read and 
write access on the internal registers of the ASIC The 
addresses are decoded to provide access to the internal 
registers when CHN* is active low. Bit 9 is the MSB, 
and bit • is the LSB. 

MSBADR Processor Interface Identification Pin: This 
input is used to identify one of the two ASICs on the 
board. A logic 1 enables the interface if AB<9>islogic 
1. and logic 0 enables the interface if AB<9>is logic 0. 

DB<15:0> Data bus, bidirectional: This 16-bit bidirec- 
tional bus provides the content of the registers. The 
output enable signals for the tristate drivers of the data 
bus are generated when RD* and CEN* are active low. 
Bit 15 is the MSB* and bit 0 is the LSB. 

RD* Read Strobe Input This active low input indicates 
microprocessor read sequence. 

WR* Write Strobe Input This active low input indicates 
microprocessor write sequence. 

DTACK* Data Acknowledge Output: Open drain active 
low output pin holds the processor interface until the 
cornpletion of the internal data transfer of the ASIC 

CEN* Chip Enable Input: Active low input pin to enable 
nncrofvocessor access into the device. The data bus is 
selected as an input bus into the ASIC when it is not 
activated. 

INT1* Primary Interrupt Output; TTie active kw interrupt 
signal to indicate the alarm conditions of the equipment 
protection algorithm into the processor. 

INT2* Secondary Interrupt Output: The active low inter- 
rupt signal to indicate the alarm conditions on the data 
path. 

MODES 8-bit Processor Bus Mode Input- The mkropro- 
cessor interface provides access for the 8-bit niicropro- 
cessors into all of the internal registers when this pin is 
connected into the logic 1 level. 

3.13 DSP Interface 

SAB<3:0> Address Bus Input: The 4-bit DSP address bus 
provides the read and write access up to 8 internal 
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registers of the ASIC. The addresses are decoded to 
provide the access on the internal registers when 
SCEN* is active low. Bit 3 is the MSB, and bit • is the 
LSB. 

SMSB DSP Interface Identification Pin^ 5 
to identify one of the two ASICs on the board. A logic 
1 enables the interface if SAB<3> is logic 1. and a logic 

0 enables the interface if SAR<3> is logic a 
SDB<15:0> Data bus. bidirectional: This 16-bit bidirec- 
tional bus provides the content of the registers. The 10 
output enable signals for the tristate drivers of the data 
bus are generated when SRD* and SCEN* is active 
low. Bit 15 is the MSB. and bit 0 is the LSB. 

SRD*Read Strobe Input This active low input indicates 
DSP read sequence. 

SWR*Write Strobe Input: This active lew input indicates 
DSP write sequence. 

SCEN* Chip Enable Input: Active low input pin to eoabie 
the DSP access into the device. The data bus is selected 20 
as an input bus into the ASIC when it is not activated. 

SINT* Intenrupt bidirectional: Active low output pin to 
provide the read and write timing between the DSP and 
the ASIC It is also used as an input to transfer the 
timing information from one ASIC to another. The 25 
output enable signal far the tristate driver is generated 
when SMSB signal is active low. 

SMOD8 8-bit DSP Bus Mode Input The DSP interface 
provides access for the 8-bit processors into all of the 
internal DSP registers when this pin is connected into 30 
the logic 1 level. 

3.1.4 Miscellaneous Interfaces 

PWRUP* Power-up Reset Input: This signal is connected 
to the asynchronous reset inputs of all of the flip-flops 
in the ASIC and is used to initialize the ASIC during 35 
power-00 condition. It is generated by the power moni- 
tor circuit on the PBA. 

BUSMODE Bus Mode Input: This pin provides tracking 
far the fully coded H4 sequence for Locked CTS 
mappings. A logic 0 level of mis input indicates the 
Floating VT mappings into the STS-1 payioad. A logic 

1 level of tins input indicates the Locked VT mappings 
into the STS-1 payioad. This signal is static and is not 
clocked in. 

ABSEL AB Select Control Input: Jt controls the multi- 
plexer to generate the 500 usee timer interrupt signal 
for the microprocessor interface. It also selects the 
active transmit data path if BUSMODE input indicates 
locked mapping. The inactive transmit data path 000- 
tains DSO AIS and UNICODE. 

ACKLS CK19A dock Loss: The CK19A is monitored 
using MFCLK and a dock loss is indicated with a logic 
1 level on this output B is output with me rising edge 
of MPCLK. 53 

BCKLS CK19B Clock Loss: The CK19B is momtored 
using MPCXK and a dock loss is indicated with a logic 
1 level on this output ft is output with the rising edge 
of MFCLK 

3.1.5 VT Interface « 
TVTDn Transmit VT Data Serial Output* Link n (n=l.Z 

3,4): The serial data output pin carrying the VT payioad 
information for a selected VT from an STS- 1 envelope. 
Each VT payioad byte is converted into a 9-bit serial 
stream containing a parity bit and 8 data bits. The parity 63 

hit la transmittM first and 1 ia transmitted last This 

output is clocked out using the rising edge of CK19A 
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or CK19B. This output remains unchanged for at least 
four 19 MHz dock periods for every bit 

TVSSYNn Transmit V5 Synchronization Signal Output 
Link n (n= 1,23,4): This output indicates the start of the 
VT superframc for the VT #n. It is active high only 
during the transmission of the bits at the first location 
of a VT superframe at the TVTDn output It is docked 
out with the rising edge of CK19A or CK19B. 

TVTERRn Transmit VT Error Output Link n ( 0=1.23.4): 
This output indicates detected VT AB or VT Loss of 
Pointer conditions for the VT #n. An active high 
indicates the error condition and it is docked out using 
the rising edge of CK19A or CK19B. 

TVTCLKn Transmit VT Clock Output Link n (n=1.23. 
4): The serial VT clock indicating the bit positions of 
every VT payioad byte transmitted from the TVTDn 
outputs. It is not activated during the payioad pointer 
and positive stuff locations, fi is clocked out with the 
rising edge of CK19A or CK19B and is active high at 
the last two dock periods of the four dock- wide VT bit 
time slot to allow enough setup and hold time while it 
is used to recover the VT payioad. 

RVTCLKn Receive VT Clock Input Link n (0=1.23.4): 
This input indicates the time slot where any VT data bit 
can be extracted from the RVTDn serial data. 
KVSSYNn. and KVTERRn inputs. It is over-sampled 
with the rising edge of the CK19A or CK19B and an 
edge detection is performed to generate one 19 MHz 
dock-wide internal serial VT strobes. 

RVTDn Receive VT Data Input Link n (n= 1,23,4): The 
serial data input pin carrying the VT payioad informa- 
tion for a selected VT from an STS-1 envdope. Each 
9-bh serial data stream is converted into a VT payioad 
byte containing a parity bit and 84& data. The parity bit 
is received first and LSB is received last This input is 
docked in using the rising edge of CK19A or CK19B 
when the RVTCLKn input is active high- This input 
remains unchanged for at least four 19 MHz dock 
periods for every bit 

RV5SYNn Receive V5 Synchronization Signal Input 
Unkn(n=lJ23,4): This input indicates the start of the 
VT superframe for the VT #n. It is active high only 
during the reception of the bits at the first location of a 
VT superframe at the RVTDn input ft is docked in 
with the rising edge of CK19A ox CK19B when the 
RVTCLKn input is active rrigfr. 

RVTERRn Receive VT Error Input Link n (n=1.23.4): 
This input indicates detected VT AIS or VT Loss of 
Pointer conditions for the VT #n. An active high 
indicates the error condition and it is docked in using 
die rising edge of CK19A or CK19B when the RVT- 
CLKn input is active high. 

3.1.6 DS1 Interface 

RSERn Receive Serial Data Input Link n (n=1.23.4): 
NRZ format binary data input carrying the serial DS1 
data. It is clocked in using the rising edge of the 
RCLKn dock. 

RMSYNn Receive Multiframe Synchronization Input 
link n (n= 1,23,4): Multiframe indicator signal is used 
to extract the frame and SF or ESF signaling multi- 
frame information of the received DS1 sipiaL In the 
ESP mode, this line contains an active high pulse at the 
beginning of every 24 frames, and. in the SF mode* it 
contains an active high pulse at the beginning of every 
12 frames. Jt is clocked in using the rising edge of the 
RCLKn dock. 
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RCLKn Receive dock Input Lint n (n=l,2J*4>: 1.544 TCK JTAG Boundary Scan Test Clock Input 

MHz DS1 line clock. It is used to generate DS1 tuning TMS JTAG Boundary Scan Test Mode Select Input 

of the ASIC The rising edge of RCLKn is used to latch 3.1.8 Power Supply 

RSERn and RMSYNn signals. VDDn Voltage Reference +5 Volt (n=l,2 16*): 16 pins 

SYN8K Synchronization Reference 8 KHz: The receive 8 5 are used for positive voltage reference into the ASIC 

KHz frame synchronization reference of the received VSSn Voltage Reference Ground Volt <n=L2 . - . -20): 20 

DS1 input Only one of fee four DS1 frame references ™ uscd for voIta 8 c rcfcraicc m ° 

selected by software is output using the rising edge of ^ „ ,^ S V* — . 

its 1.544 MHz RCLK. VlL^Z^ Interf 

TSERn TransnA Serial Data Output. IJi± o(n=l^ 4): 10 ^Se ^ Ltterto 458 of TO. 36 for buses A 

NRZ fonnat Wnary data output aurying ^s^DSl "J^X* data ARD<8:0> and BRD<8:0> are 

S^qa £ ^H 0 ^^ nMng recerved. redely, along with the CU1 synchronization 

CK19A or CKi» CJoct signal and PL payioad indicator for both A and B sides . The 

TMSYNn Transmit Multiframe Sym^ronization Output , 3 significant bitofthedatabusistheodd parity bit 

link n (n=U3.4): MuWframc indicator signal indi- calculated over the data, sync and payioad indicator signals 

eating the start of the ESF signaling multiframe of me Q f me Receive Bus Interface and sync* and payioad indicator 

transmitted DS1 signaL This line contains an active ^^^^ of ^ Transmit Bus Inters 46*. AU of the signals 

hi0» pulse at the beginning of every 24 frames. It is m ^fg^ docked in using a 19 MHz Bus clock. FIG. 

clocked out using the rising edge of the CK19A or ^ 65 shows the relation between the signals and clock 

CK19Bdocfc The ARPL and BRFL signals indicate the payioad loca- 

TCLKn Transmit Dock Output Link n (n=1.23,4): 1.S44 tions. They are active for all bytes except line and section 

MHz DS1 line clock. This output is used to indicate overhead locations. These signals can be inactive for one 

DS1 timing of the ASIC It is output with the rising more or one less dock cycle during row 4 of the SONET 

edge of the CK19M and its logic levd can be inverted 23 frame related to the positive and negative pointer adjust- 

with software control to provide the setup and hold ments as shown in FIG. 66. 

time margin to the outside devices around the rising or ARCU1 and BRCU1 are the composite synchronization 

falling edge. The other interface signals TSERn and signals of the Receive Bus Interface. A single pulse indicates 

TMSYNn signals can be captured on the PBA using the CI byte time slot of the transport overhead. Three Jl 

TCLKn. It is docked out using the rising edge of 30 pulses indicate the start of three STS-1 Payioad The CI and 

CK19Aor CK19B. Jl portions of the composite synchronization signals are 

TREPCKTransinitRefeieiiceaock: 1344 MHz transmit separated using the ARPL and BRPL payioad indicator 

DS1 reference clock. One of the four TCLKn sdected signals. The payioad indicator is low during CI and high 

by software is output to mis pin. It is retimed with the during Jl byte location. 

rising edge of CK19A or CK19B before it is output 33 All of the Receive Bus Iiiterface signals are preferably 

3 1.7 Test Iiiterface received after being retimed on the PBA with the felling 

1^TSEL<5:0>Test Mode Sdect Input This input is used edge of the 19 MHz clock CK19M These signals are 

to generate the mux select signals in the ASIC to docked in using the rising edge of CK19M. 

provide access from the test pins tosteadof theiiternal 3.23 TJansn* Bus Interface 

s^into the function^ 40 At the Transmit Bus Interface 4<* of ™JH for ta ses A 

useTfeRAMtctfii*^ and B the 9-bit date ATD<8:0> and BTD<8:Q> ^are 

RAM each tuneinme same address space. Bit 5 is the tiansmtoed, respedrvety.as ^^^J^^^' 

MSB, and bit • is the LSB. synchronization signal and FL payioad indicator for both A 

t> Aiur^r 1^ vr^ <~ Pn*t*~ ThU iimut and B sides. A data valid signal is also output to indicate the 

^f^ll^ ^StS^JS!t^S « VT payioad locations inserted by this ASIC The most 

this iinim is active high, all of the inter^ RAMs are ^Taedatau and data valid signals. FIG. 67 shows the 

accessed for testabmty and *** r^u^be^ me signal 

ntoprocessor ^^^<* faiic^nalWod^ ^ ^ i^^nals received two dockpStes 

Thispmis c*»iiectedtothek>gk^ x 

NDTREENandTrceC*itput:Par^^ The ATPL and BTFL signals indicate me payioad loca- 
vides the output .of the last NAND gate of the input tkms ^ m for ^ bytes except line and section 
cells for testability. overhead locations. These signals may be inactive for one 
TSTIN<3:0e> Test Date Input Bus: Test data input bus more or one less clock cyde during the row 4 of the SONET 
used to activate the internal strobe signals through the 55 frame related to the positive and negative pointer adjust- 
test muxes. Bit 3 is the MSB, and bit • is the LSB. ments as shown in FIG. 68. ATC1J1 and BTC1J1 are the 
TSIX>UT<11:Q> Test Data Output Bus: Test data output composite synchronization signals of the Receive Bus Inter- 
bus provides observability on the internal signals. Bit face. A single pulse indicates me CI byte time slot of the 
11 is the MSB. and bit • is the LSB. transport overhead Three Jl pulses 
SCLKFuD Scan Clock Input » CTS-1 Payioad. The CI and Jl portions of the composite 
™ ~ „ o rw. ^ „ . . x . synchronization signals are separated using the ATPL and 
SE Ml Scan Test Enable Input BTPL payioad inalcator signals. The payioad indicator is 
SCANTST Full Scan Test Mode Sdect Enables the scan }ow ^ g ClaiK i m gh during Jl byte location. 

docktobe applied to the d«*iiipm on every fb>flop. ^ Bus interface signals ATCUL BTC1C1. 

TDI JTAG Boundary Scan Test Data Input # ATPL, and BTPL are received after being retimed on the 

TDO JTAG Boundary Scan lest Data Output PBA with the falling edge of the 19 MHz dock CK19M. 

TTRST* JTAG Boundary Scan Test Reset Input These signals are docked in using the rising edge of the 
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CK19M The data valid signals ATDV and BTDV. and the 
data bus AITX8K)> and BTIX$:0>are output with the rising 
edge of the clock. 
323 VT Interface 

The VT Interface 456 of FIG. 36 provides serial VT data, 
dock and control lines between the ASICs. The VT serial 
data TVTDn (n=0.1.23), V5 sy nchro nization signal 
TVSSYNn. and VT error indicator TVTERRn are transmit- 
ted from the ASIC using the rising edge of the selected 19 
MHz clock signal when the serial VT strobe TVTCLKn is 
active high. The TVTDn signals contain the VT payioad 
bytes of the selected VT in a serial form including 8-bit data 
and a parity bit The VT dock is not generated during the 
VI, V2. V3. V4 and positive stuff gaps. The ASIC processes 
and latches the VT payioad data using the VT strobes and 19 
MHz dock signal generates the serial VT dock as nine 
pulses in every VT byte period, and shifts the VT data and 
its oaritv out using the paralld to serial converter docked 
with 19 MHz and enabled with the serial VT dock. The VT 
error is activated depending on the VTAB and VT loss of 
pointer detection of a particular VT. The tuning for the VT 
Interface output signals Is shown in FIG. 69. 

VT serial dock KVTCLKn Is clocked in using the rising 
edge of the CK19AorCK19B. and one dock wide serial VT 
strobe is generated. This strobe is used along with 1944 
MHz clock to perform the serial to paralld conversion on the 
serial VT data RVTDn (n=0.1O3). and to latch the V5 
synchronization signal KV5SYNn, and VT error indicator 
RVTERRn. The RVTDn signals contain the VT payioad 
bytes of the selected VT in a serial form including 8-bit data 
and a parity bit The VT clock is not received during me VL 
V2. V3. V4 and positive stuff gaps. VT error detection 
activates the VT Path AIS in the floating mode mappings. 
The timing for the VT Interface input signals is shown in 
FIG.7i. 

32A DS1 Transmit and Receive Interfaces 
The DS 1 Transmit Interface 452 (FIG. 52) provides serial 
DS1 data, dock and control lines in the ASIC 420 and the 
DS1 Demapper Block 612. The DS 1 serial NRZdataTSERn 
(n=0.1J23). and the DS1 rmiltiframe synchronization signal 
TMSYNn are transmitted from the ASIC using the serial 
DS1 clock TXXbwm^ me rising edge of the 19.44 MHz 
dock. The TGLKn dock is output as inverted or as non- 
inverted depending on the control bit of the processor 
interface. An exclusive OR gate is aAted to invert the oatpU 
dock If the control bit is set to logic L A logic 1 level of me 
control bit outputs the same dock used in the ASIC This 
control has been added to provide the interface for different 
framer ICs. The TMSYNn signal indicates the frame bit 
position of the TSERn output once in every 24 frames. The 
timing drawings for the DS1 output signals are shown in 
FIG. 71. 

With regard to the DS 1 Recdve Interface 454 (FIG. 64), 
the DS1 serial NRZ data RSERn (n=OJJ23), and the DS1 
multtframe synchronization signal RMSYNn are received 
using the rising edge of the serial DS1 dock input RCLKn. 
The zero hold time is °r^" fi ^ for this interface and delay 
lines implemented with gates provide the required hold time 
far the inputs. The RMSYNn signal indicates the frame bit 
position of the RSERn output once in every 24 frames. The 
timing drawings for the DS1 input signals are shown in FIG. 
72. 

3.2-5 Microprocessor Interface 

The Microprocessor Interface 450 (FIG. 36) activates the 
OTACK* line when the internal transfer is complete. The 
read operation from the ASIC does not require synchroni- 
zation with any dock. The register contents, however, are 
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not to be modified during the read cycle, and updating of the 
performance monitoring counters is temporarily prevented. 
The clear operation on me alarms and status bits are per- 
formed as synchronized with their docks following the 

s deactivation of me CEN* input The OTACK* generation is 
performed using the CLKMP local dock. 

Two interrupt outputs are provided to the microprocessor. 
The primary interrupt preferably used for equipment pro- 
tection alarms and threshold detections. The secondary 

10 interrupt is preferably used for VT and DS1 alarms and 
threshold crossings. 

The VTM ASIC Microprocessor Interface 450 provides 
the address, data and control signals for the software access 
into the ASIC The CEN* active low input is used with the 

15 MSBADR signal and the most significant address bit A9 to 
generate me internal chip sdect for the device. The ASIC 
does not respond if the logic levd of the A9 address bit does 
not match with the MSBADR identification pin logic levd. 
The A7- AO address inputs provide the access for up to 

20 236. 8 bit registers. The RD* signal indicates the read 
sequence and WR* signal indicates the write sequence. They 
are both active low signals. The data bus D15-D0 provide 
the read and write data to the device. All of the data is 
preferably transferred into the internal registers as synchro- 

25 nized with the CK19M dock input during the write cyde. 
The diagnostic register, mask register, interrupt connect 
register and global control register are updated as synchro- 
nized with the microprocessor deck. Tim timing is as shown 
in FIG. 73. 

30 3.2.6 DSP Interface 

The VTM ASIC DSP interface 451 (FK5. 36) provides the 
address, data and control signals for the DSP software access 
into the ASH1 The SCEN* active k>w input is used to enable 
the DSP interface of me ASIC 

35 The SA2-SA0 address inputs provide the access for up to 
8* 16 bit registers. The SCEN* active low input is used with 
the SMSB signal and the most significant address bit SA3 to 
generate the internal chip select for the device. The ASIC 
does not respond if the logic levd of the SA3 address bit 

40 does not match the SMSB identification pin logic leveL Hie 
SRD* signal iiKiicates the read sequence. The SWR* signal 
indicates me write sequence and is active low during the 
write cycle. The data bus SD15-SD0 provides the read and 
write data to the device. All of the data are transferred into 

45 the internal registers syndironized with the CK19M dock 
input during the write cycle. The timing is similar to the 
Mtooproc esso r Interface tfanfrujshc^mFTO.TaiTheDSP 
Interface does not contain a OTACK* signal, but SINT* is 
activated periodically to provide the rad and write access to 

50 the ASIC. The SINT* pin can also be used as an input to 
transfer the timing of one ASIC into another. Each ASIC 
contains a single register for read and anomer for read- write 
for each DS1 for a total of eight registers. 
32-7 Test Interface 

55 3.2.7.1 JTAG Boundary Scan 

A TAP (test access port) containing four input signals 
(TDL TMS. TPRST*. TCK) and an output (WO) signal is 
provided for boundary scan. The TAP may be utilized fox 
full scan testing provided adequate support of vendor tools 

60 is available. 

32 J 2 Full Scan 

Three input pins are provided for full scan testing (SCK. 
SB. SCANTST). The scan inputs and outputs are carried 
through primary inputs and outputs. 
65 There are four scan chains in the ASIC which utilize the 
primary input and outputs as scan inputs and outputs. These 
are as follows: 
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Slice seas Hh»m — input: RSHR4 output: TSER1 
Aside scan chain — input: ARD<0> output ATD<0> 
B side scan chain — input: BRIXO output: BTD<0> 
Miaoprocessor Intf.— input CENL output BCKLS 
32.73 RAM Test 

Ram Test is provided through the Microprocessor Inter- 
face 450. RAM test mode is enabled through RAMTSTpin. 
Each group of RAM is also enabled using TSTSEL<5:0> 
input pins. TSTSEL<Q> shall enable the RAM test for VT 
slice #1. Similarly, TSTSEL<1> e nables VT slice #2. TST- 
SEL<2> enables VT slice #3. andTSTSEL<3> enables VT 
slice #4. The RAMs located on the Transmit Bus Interf aces 
are enabled using TSTSEL<4> far B side and TSTSEL<5> 
for Aside. 

3.3 AC Electrical Characteristics 
33.1 Clock Inputs 

The clock signals CK19A. CK19B* CLKMP and RCLK 
are described above in section 3.1. 
33>2 Input Signals 

The input pins of the bus interface are preferably impie- 
mented using the TTL input buffers because of the BTL bus 
interface ICs. These signals, described above in section 3.1, 
are preferably completely asynchronous to their refe rence 
clocks. The period of the signal is longer than the reference 
clock period to be captured. Only one of the reference clocks 
is generally used, and the clock selection is performed by 
microprocessor 426. 

333 Output Signals 

The output signals are described above in section 3.1. 

While certain advantageous embodiments have been cho- 
sen to illustrate the invention, it will be understood by those 
skilled in the art that various changes and modifications can 
be made therein without departing from the scope of the 
invention as defined in the appended claims. 

APPENDIX A GLOSSARY; OF TELEPHONE 
SYSTEM ACRONYMS AND ABBREVIATIONS 

A 

AOO Alarm Cut-Off 
ADM Add-Drop Multiplexer 
A0T3 Automated Digital Terminal System 
ADU Alarm Display Unit 
AS Alarm Indication Signal 
AIU Analog Interface Unit 
AUT Automatic Loop Insulation Testing 
AMI Alternate Mark Inversion 
ANSI American National Standards Institute 
AOW Alarm & Order Wire 
AOW Alarm and Orderwire (Module) 
AP Application Processor 
AFM Autonomous Protection Module 
APS Automatic Protection Switching 
ASIC Applicatton-Sfjccific Integrated Circuit 
ASK Amplitude-shift keyed 
ASN Abstract Syntax Notation 
AUXS Auxiliary Shelf 
B 

B8ZS Bipolar with 8-Zero Substitution 
BCP Bank Control Processor 
BER Bit (or Boundary) Error Rate 
BIP Byte Interleaved Parity 
BITS Building Integrated liming Supply 
BOCBcll Operating company 
BPV Bipolar Violations 
BRA Bite Rate Adapter or Bit Rate Access 
BRI Basic Rate Interface 
C 
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CAD Craft Access Device 

CAS Craft Access System 

CAT Craft Access Terminal 

CES Common Equipment Shelf 

CEV Controlled Environment Vault 

CF Coin First 

CFU Channel Fuse Unit 

CHS Channel Shelf 

CXD Craft Interface Device 

CLASS Custom Local Area Signaling Service 

CLEI Common Language Equipment Identification 

(Bellcore) 
CLF Carrier Line Failure 

CMIDU Common Management Interface Data Unit 
CNI Calling Number Identification 
CO Central Office 
CODEC Coder/Decoder 
Combo Combination Codec and PCM filter 
COP AT&T provisioning OS 
COT Central office Terminal 
CPE Customer Premises Equipment 
CH Calling Party Identification 
CRC Cyclic Redundancy Code 
CSA Customer (or Carrier) Service Area 
CSC Common £*gn»Kng Channel 
CSMA Collision Sense Multiple Access 
CSP Communication Strobe Card or Channel Shelf Proces- 
sor 

CTU Channel Test Unit 
CU Channel Unit 
CV Coding Violation 
D 

DCC Data Communications Channel 
DCS Digital CrossConnect System 
DCU Digital Connectivity Unit 
DDS Digital Data Service 
DEU DS1 Extension Unit 
DID Direct Inward Dial 
DLC Digital Loop Carrier 
DM Degraded Minutes 
DS0 Digital Signal (Level) 0 
DS-1 Digital Signal (Level) 1 
DSX-1 Digital Signal CrossConnect (Level) 1 
DTAU Digital lest Access Unit 
DTMF Dual Tone Multi-frequency 
DTS Digital Transmission System (Inc.) 
DV Data Valid 
B 

El European 32-channel PCM format 

EOC Embedded Operations Channel 

ES Errored Seconds 

ESF Extended Superframe Format 

ESF/ndl Extended Superframe Format with new data link 

ESPOTS Extended Special Plain Old Telephone Service 

F 

FAD Fault (or Facility) Access Dtgroup 

FCU Fan control Unit 

FDDI Fiber Distributed Data Interface 

FDL Facility Data Link 

FE Far End 

FEBE Far End Block Error 

FELB Far End Loop Back 

FELOF Far End Loss Of customer data 

FELP Far End LooP back 

FERF Far End Receive Failure 

FIFO First In First Out 

FTTL Fiber In The Loop 
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FFGA Held Programmable Gate Array 

F/O Finer Optic 

G 

GS Ground start 
H 

HDL High Level Data link 
HDLC High-level Data link Control 
HS High speed 
1 

IDLC Integrated Digital Loop Carrier 

IDT Integrated Digital Terminal 

IMP Integrated Multiprotocol Processor 

INC Incoming 

IPL Initial Program Load 

ISDN Integrated Services Digital Network 

ISO International Standardization Organization 

ITS Integrated Test System 

J 

K 

L 

LAN Local Area Network 

LAPx link Access Procedure on x (A» B, C D) channel 

LATA Local Access and Transport Area 

LBO line Bufld Out 

LCCU Low Cost Channel Unit 

LDS Local Digital Switch 

LEC Local Exchange Carrier 

LFU line Fuse Unit 

LIU line Interface Unit 

LMOS Loop Maintenance Operation System 

LOFLoss of Frame 

LOP Loss of Parity (or Pointer) 

LOS Loss of Signal 

LFTR Loop Test — Ring 

IJTT Loop Test—Tip 

LS Loop start 

LSPM Low Speed Protection Module 

LSSGR LATA Switching System Generic Requirements 

LULT line Unit line Terminating (ISDN BRI) 

LUNT line Unit Network Terminating (ISDN BRI) 

M 

M13 DS1 to DS3 Multiplex 

MAC Management and Control 

MAU Maintenance Unit 

MC Maintenance Center 

MTB Management Information Base 

MJ Major (Alarm) 

MLT Mechanized Loop Test 

MMU Memory Management Unit 

MN Minor (Alarm) 

MSB Most Significant Bit 

MSOT MulnV^Uibscriber Distant Terminal 

MSG Message line interface 

MTAU Metallic Test Access Unit 

MTS Message Telephone Service 

MTTR Mean Time To Repair 

MUX Multiplexer 

N 

NE Near End (or Network Element) 

NEBS Network Eqiripnaent— building System 

NELB Near End Loop Back 

NELOF Near End Loopback Of customer Data 

NELP Near End LooPback 

NEP Network Element Processor 

NM Network Management 

NMANetwork Maintenance Alarm or Monitoring & Analy- 
sis System 
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NRZ Non-Return to Zero lope 
NSR New Service Request (PSC-5 backplane signal) 
O 

OC Optical Card 

OC-12 Optical Channel (Level) 12 
OC-3 Optical Channel (Level) 3 
OCU Office Channel Unit 
OBI Optical to Electrical Interface 
OHT On-hook Transmission 
OIC Optical Interface Card 
OIM Operations Interface Module 
OOF Out Of Frame 
OPR Optical Power Received 

OPS/INE Operations System/intelligent Network Element 
OPT Optical Power Transmitted 
OS Operating (or Operations) System 
OSI Open System Interconnect 
OSS Operations Support System 
OTDR Optical Time-Domain Kefiectometer 
20 OTGR Operations Technology Generic Retirements 
OTS Office Timing Supply 
OVC Output Verify Circuit 
OW Order Wire 

O/E Optical-to-Electrical conversion 
25 P 
PAL 

PBX Private Branch Exchange 
PCM Pulse code modulation 
PCS Portable Onnmunication System 
PCU Power Converter or Control Unit 
PGTC Pair Gain Test Controller 
PLAR Private Line Automatic Ringdown 
PLL Phase Locked Loop 
PLM Phase Lock Multiplier 
PM Ptrfonnance Monitoring 
PMN Power Minor Alarm 
POC Pulse Operations Channel 
POTS Plain Old Telephone Service 
PPS Path Protection Switched 
40 PRA Primary Rate Adapter (or Access) 
PRI Primary Rate Interface (ISDN) 
PSCPulsecom 

PSN Public Switched Network 
Q 

43 QBRICU Quad Basic Rate Interface Channel Unit 
QCU Quad Channel Unit 
QDS1 Quad DS-1 
R 

RBOC Regional Bell Operating Company 
so RETT Remote Digital Terminal 
RMU Remote Measurement Unit 
RSU Remote Switch Unit 
KT(U) Remote Terminal (Unit) 
S 

55 SARTS Switched Access Remote Access System 

SCP S«'gna»n g I/O Control Processor (FFGA) 

SD Signal Degraded 

SDEU Synchronous DS1 Extension Unit 

SECC Secondary Error Correction Channel (DDS services) 
60 SES Severely Errored Seconds 

SF Super Frame (or Signal Failed) 

SHR Self-Healing Ring 

SIX Subscriber Loop Carrier <TM of AT&T) 

SLIC Subscriber Loop Interface Circuit 
65 SMDS Switched Multimegabit Data Service 

SMT Surface Mount Technology 

SOH Sonet OverHead 
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SONET Synchronous Optical Network 
SOP SONET Overhead Processor (card) 
SFE Synchronous Payioad Envelope 
SPOTS Special Plain Old Telephone Service 
SS Supervisory System or System Services 
STS1 Synchronous Transport Signal unit 
STSM STS-1 Multiplexer 
STSX Synchronous Transport Signal Extended 
T 

Tl line-power DS1 to repeaters (L544 Mbits/s) 
13 Standard transmission format at 45 Mbits/s 
TAD Test Access Device (or Digroup) 
TAN Test Access Network 
TAP Test Access Path 
TBD To Be Determined 

TBOS Telemetry Byte-Oriented Serial (alarm reporting link) 

TBSUTest Bus Segmentation Unit 

TCA Threshold Crossing Alert 

TCXO Temperature Controlled Crystal Oscillator 

TDM Time division multiplex 

TTRKSTest Inventory Record Keeping System 

T-W ISDN *T Interface 

TL1 Transaction Language 1 

TMC Time management Channel 

TRU Transinit-receive Unit 

TSCTest System Controller 

TSG Timing Signal Generator 

TSI Time Slot Interchange (or Interpolation) 

U 

U ISDN *%T interface 

UART Universal Asynchronous Recover/Transmitter 
UAS Un- Available Seconds 
UDLC Universal Digital Loop Carrier 
UDT Universal Digital Terminal 
UE Underground Enclosure 
UVG Universal Voice Grade 
V 

VCO Voltage Controlled Oscillator 
VF Voice frequency 
VROT Ritual Remote Digital Terminal 
VT Virtual Tributary (Sonet term) 
VTG Virtual Tributary Group (4 VT 1.5 s) 
W 

WTR Wait To Restore 
X 

XCT Extended Test Controller 
Y 

Z 

ZBS Zero Byte Supression 
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Bit 




Type 


Default 


Bit IS 


Mask of Atom Reg. 13 


WW 


0 


Bit 14 


Mafifc of Alarm Reg. 12 


WW 


0 


Bit 13 


Mack of Alarm Res- 11 


WW 


0 


Bit 12 


Mask of Atom Reg. 10 


WW 


0 


Bit 11 


Mask of Alarm Reg. 9 


WW 


0 


Bit 10 


Mask of Atom Reg. 8 


WW 


0 


Bit 9 


Mask of Atom Reg. 7 


WW 


0 


Bit 8 


Mask of Atom Reg. 6 


WW 


0 


Bit 7 


Mask of Atom Reg. 5 


WW 


0 


Bit 6 


Maskof AtomReg. 4 


WW 


0 


Bit 5 


Mask of Atom Reg. 3 


WW 


0 


Bit 4 


Mask of Atom Reg. 2 


WW 


0 


Bit 3 


Mack of Atom Reg. 1 


WW 


0 


Bit 2 


Maskof Atom Reg. 0 


WW 


0 


Bit! 


Maskof Secondary InL 


WW 


0 


BitO 


Maskof Primary mL 


WW 


0 



4.8.43. Register FA — interrupt Connect Register 

The interrupt connect register allows to connect any alarm 
register interrupt to the primary or seondaxy interrupt lines 
of the ASIC A logic 1 level shall connect the register to the 
prirary. and a logic 0 shall connect the register to the 
secondary interrupt vector. The register bits are set to 
Otollowing Power_up assigning all of the interrupts into the 
secondary interrupt 
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40 
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Bit 


Pkmctm 


Type 


Default 


Bit IS 


Connect Ann Reg. 13 


R/W 


0 


Bit 14 


Connect Attn Res- 12 


WW 


0 


Bit 13 


Connect Aim Reg. 11 


WW 


0 


Bit 12 


Connect Ahn Reg. 10 


WW 


0 


Bit 11 


Connect Alann Reg. 9 


WW 


0 


Bit 10 


Connect Atom Reg. 8 


WW 


0 


Bit 9 


Connect Atom Reg. 7 


WW 


0 


Bit8 


Connect Alann Reg. 6 


WW 


0 


Bit 7 


Connect Atom Reg. 5 


WW 


0 


Bit 6 


fVnwt Atom Reg. 4 


WW 


0 


BitS 


Connect Atom Reg. 3 


WW 


0 


Bit 4 


Connect Atom Reg. 2 


WW 


0 


BitS 


Connect Atom Reg. 1 


WW 


0 


Bit 2 


Connect Atom Reg. 0 


WW 


0 


Bit 1-0 


Unseed 


R 


0 



4.8.4.4 Register F8— Interrupt Status Register 

The interrupt register flags the processor on an activity in 
one of the alarm registers which was indicated by primary or 
secondary interrupt vectors. A logic 1 level shall reflect an 
activity in an alarm register regardless of the effect of the 
mask 
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APFENDLX B 

4.8.4. Registers 

All of the processor registers are listed below starting 
from address FF. The odd addresses are not utilized and they ^ 
are reserved for the internal RAM testing. 
4.8.4. L Register FE^-Oiagnostic Register 

11 provides the test software access into the ASIC without 
affecting the configuration of the ASIC The microcontroller 
interface can be tested wting and reading back of this g) 
register. 

4.8.4.2. Register FC— Interrupt Enable Register 

The interrupt enable register containing a mask bit per 
alarm register and a mask bit per interrupt vector outputs of 
the ASIC allows to enable and disable the intenupts. A logic 65 
1 level shall enable me interrupt. The register bits shall be set 
to 0 following Power_up- 



Bit 




Type 


Dentnlt 


Bit 15 


lotenupt Aim Reg. 13 


It 


X 


Bit 14 


Iulenupt Afan Reg. 12 


R 


X 


Bit 13 


IntBDupt Aon Reg. 11 


ft 


X 


Bit 12 


Inteonpt Afan Reg. 10 


R 


X 


Bit 11 


Intcnupt Aim Reg. 9 


R 


X 


Bit 10 


Iuteuupt Ahn Reg. 8 


R 


X 


Bit 9 


Intcnupt Ann Reg. 7 


R 


X 


BitS 


lotenupt Afan Reg. 6 


R 


X 


Bit 7 


Intcnupt Ann Reg. 5 


R 


X 


Bit 6 


Intcnupt Aim Reg. 4 


R 


X 


BitS 


Iulenupt Aim Reg. 3 


R 


X 


Bit 4 


Iulenupt Afan Reg. 2 


R 


X 


Bit 3 


Intcnupt Afan Reg. 1 


R 


X 


Bit 2 


Intcnupt Afan Reg. 0 


R 


X 


Bit 1 


Sccoudtiy Iulenupt 


R 


X 


BitO 


Fuouiy nifiuiupt 


R 


X 
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4,8A5. Register F6— -ASIC Revision Code & Configuration 
The least gjgmflrtut 8 bit reflects the revision code of 

VTM ASIC which is currently defined as 02 H 
The configuration pins of the ASIC are also included in 

the same register. Any change of the ABSEL or BUSMODE 

input pin is reflected into this register immediately. 



Bit 


FtaDCUOD 


iypo 


Defiuitt 


Bit 13-10 


Uxxosod 


R 


0 


Bit 9 


Bumimrfp Fin (Ccnfig) 


R 


X 


Bit 8 


Ab*IHn(Cccflg) 


R 


X 


Bit 7-0 


ASJC Revision Godo 


R 





4.8.4.6. Register FA — Global Control Register 
ABSLICB: Provides the selection of a VT from A or B side. 

A logic 0 level shall indicate the mapping from A side, and 

a logic i from B side. 
SYNSEL: Controls the multiplexer to select an 8 kHz 

synchronization signal generated by one the four DS1 

receive interface. 



DSl 
D61 
DSl 
DSl 



#0, 

#1, 

#2, 
#3. 



TREFSEL: Controls the multiplexer to select a 1.544 MHz 
reference dock generated by one of me four DSl transmit 
interface. 
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Bit 


Punctwn 


Type 


Default 


Bit 2 


AB3JCB-#3 


R/W 


0 


Bit 1 


ABSUCE-#2 


R/W 


0 


BitO 


AB3JCB-#1 


R/W 


0 



The register bits are set to 0 following Power_jup. 
4.8.4.7. Register F2— Alarm Register 0 
to ALOSS : Clock loss detection of the CK19A dock input The 
detection is performed using microcontroller dock 
MPCUC A logic 1 shall indicate the error condition. 
BLOSS: Clock loss detection of the CK19B dock input The 
detection is performed using microcontroller dock 
MPCLK. A logic 1 shall indicate the error condition. 
HWERR: The internal parity check mechanism of the ASIC 
which will nag the bad parts daring normal operation. A 
logic 1 shall indicate the error condition. 



15 



20 



23 
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Bit 




Typo 


Default 


Bit 15-12 


Unused 


R 


O 


Bit 11 


HWERR-TX B ride 


OLonRD 


0 


Bit ID 


HWERR-TX A aide 


CLon RD 


0 


Bit 9 


HWERR-Demtp M 


CLonRD 


0 


Bit 8 


HWERR-MapM 


CLonRD 


0 


Bit 7 


HWERR-Demsp #3 


CLon RD 


0 


Bit 6 


HWHkR-Map #3 


CLcnRD 


O 


Bit 3 


HWERR-Dexxnp Wl 


CLonRD 


0 


Bit 4 


HWBRR-M«p#2 


CLonRD 


0 


Bit 3 


HWERR-Demsp #1 


CLonRD 


0 


Bit 2 


HWBRR-M*p#l 


CLonRD 


0 


Bit 1 


BLOSS 


CLon RD 


0 


BitO 


ALOSS 


CLonRD 


0 



0 0 DSl tmMmi! interface #0, 

0 1 DSl tnumxt interface #1, 

1 O DSl trammit interface #2, 
1 1 DSl trammt interface #3. 



DJ5FL0SS: Provides the mechanism to turn off the inter- 
rupts caused by P1P0 signaling multi&mme indicator 
while dealing with asywinonotispayioad. A logic 1 level 
shall mask the intermipt caused by VT P1P0 Loss bit of 
me VT alarm register. 

SYNEN: Controls the Cristate driver of the 8 kHz syn- 
chonization reference output SYN8K- A logic 0 shaU 
force this output into tristate mode. 

REFEN: Controls the tristate driver of me 1344 MHz 
reference dock output TKKK3C A logic 0 shall force this 
output into tristate mode. 

GASYN: Global Asynchronous VT flag. Ihb shold be set to 
logic 1 when at least one of the VT slices is carrying 
asynchronous VT payioad This wil allow the OBINT bit 
of the Alarm Register F0 to be activated once every 500 
usee 



Bit 


Ruction 


Type 


De&nlt 


Bit IS 


Unused 


R/W 


O 


Bit 14 


GASYN 


R/W 


0 


Bit 13 


REFEN 


R/W 


0 


Bit 12 


SYNEN 


R/W 


0 


Bit 11 


DISPLOSS-VT#4 


R/W 


0 


Bit 10 


DEPLOSS-VT#3 


R/W 


0 


Bit 9 


DEPLOSS-VT#2 


R/W 


0 


Bit 8 


DEPLOSS-VT#l 


R/W 


0 


Bit 7-6 


TREFSEL 


R/W 


0 


Bit 5-4 


SYNSEL 


R/W 


0 


Bit 3 


XBSUCB4H 


R/W 


0 



The register bits are set to 0 following Power__up and when 
35 they are read by software. 

4.8.4.8. Register FO— Alarm Register 1 
SLMFTNT: SLC-96 mode Mapper intemipt indicates the 
request for software read access into the ASIC so a new 
72 frame datalink infonnation can be collected. A logic I 
40 indicates that the read buffer is fulL This interrupt is only 
enabled if SLCEN bit (bit U) of the mappcc^trol register 
is set to logic 1. 
SLDMINT: SLC-96 mode Demapper intetrupt indicates the 
request tor software write access initothe ASIC soanew 
45 72 frame datalink information can be transmitted. A logic 
1 indicates mat the write buffer is empty. This interrupt is 
onry enabled if SLCEN bit (bit 11) of the mapper control 
register is set to logic 1. 
OBINT: O bat interrupt R is generated once every 500 usee 
50 A logic 1 indicates that the new O bits can be read and 
written. Tnis intemipt is only enabled if GASYN bit (bit 
14) of the global control register F4 is set to logic 1. 
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Bit 






Default 


Bit 15-$ 


Uoond 


R 


0 


Bit8 


OBINT 


CLoa RD 


0 


Bit 7 


SLDMD4T-DS1 #4 


CLon RD 


0 


Bit 6 


SLDMINT-DS1 #3 


CLon RD 


0 


BitS 


SLDMINT-DS1 #2 


CLon RD 


0 


Bit 4 


SLDMDTT-DS1 #1 


CLonRD 


0 


Bits 


SLMPTKPDS1 #4 


CLon RD 


0 


Bit 2 


SLMPINT-DS1 #3 


CLonRD 


0 


Bit 1 


SLMPINT-DS1 #2 


CLonRD 


0 


BitO 


SLMPINT-DS1 «1 


CLonRD 


0 



65 

The register bits 0-8 are set to 0 following Power_up and 
when they ace read by software. 
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Bit 


Fraction 


Type 


Defsult 


Bit 13-1 


Unused 


R 


0 


BitO 


ASkfcH4_LOSS 


CL on RD 


0 



The register bit 0 is set to 0 following Power_up and when 

it is read by software. 

4.8.4.10. Register EC— Alarm Register 3 

VTAIS: A VT ASS register is included to monitor a VTAIS 
condition on both active and inactive receive bus inter- 
faces to prevent switching into the inactive side while AIS 
is active. A logic 1 level alarm signal is genrerated 
detecting afl ones in the VI and V2.VT pointer bytes. Tlte 
VT AIS indication shall be removed with a single 0 
detected in the pointer bytes. 



Bit 


Function 


Typo 


De&ab 


Bit 15-4 




R 


0 


Bit 3 


VTAIS- VT #4 


(XodRD 


0 


Bit 2 


VTAIS-VT«3 


CLooRD 


0 


Bit 1 


VTAIS-VT#2 


CLoo RD 


0 


BitO 


VTAIS-VT#1 


(XooRD 


0 



The register bits #-4 are set to 0 following Power_up and 

when they are read by software. 

4.8.4.11. Register EA — Alarm Register 4 

PE-JNTt Bus failure is detected looking mto the receive bus 
parity errors and decrementing a counter whose threshold 
is set by software. A transfer from count 1 to 0 shall set 
this register into the logic 1 level. 



The register bit • is set to 0 following power_up and when 

it is red by software. 

4.8.4.12. Register E8-^AJarm Regiister 5 

RP _JRAMF: Reflected Parity Hfb foU is generated when- 
ever the 16 bit fif o is filled with the address of the 
tributaries containing parity effors. Alogic 1 shaUindicae 
the full condition of the FIFO. 
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4.8.4.9. Register EE — Alarm Register 2 

H4_LOSS: The H4 tracking circuit generates an B4 loss 
signal based on the algorithm mentioned in the ASIC 
spec. Alogic 1 shall indicate the error condition. 



10 



r- 15 



20 



4.8.4.16. Register E0— Alarm Register 9 

Same as Register E8— Alarm Register 5. but it indicates 
the condition on B side. 

4.8.4.17. Register DE— Alarm Register 10 

RVTPER: The parity error detected in the serial VT receive 
interface. A logic 1 shall indicate an odd party error. 

VTAIS: VT path AIS detected under the pointer interpreta- 
tion rules A logic 1 shall indicate the AIS condition. 

VTLOP: VT Loss of pointer detected under the pointer 
interpretation rules. A logic 1 shall indicate the LOP 
condition. 

FLOSS: P1F0 signaling muhiframe loss. A logic 1 shall 

indicate the error condition. 
YELLOW: VT path overhead V5 byte yellow bit A set 

yellow bit shall set the register following ten mufttframc 

filtering. 

FERF: VTpath overhead V5 byte f erf bit A set f erf bit shall 

set the register following ten mnltiframe filtering. 
LBLCHA: Any change VT path overhead V5 byte iabei bits 

shall set this register following five multiframe filtering. 

A logic 1 shall indicate mat the LBL bits are new. 
LABEL: VT path overhead V5 byte label bits. These three 

bits are filtered for five n^tframes. 
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35 



Bit 


Fraction 


Type 




Bit 15-10 


Umsed 


R 


0 


Bit 9 


kvtfhr-vt#i 


CLotn RD 


0 


Bit 8 


VTAB-VTil 


CLgoRD 


0 


Bit 7 


VTLOP -VT#1 


CLoo RD 


0 


Bit 6 


FLOSS- VT#l 


CLooRD 


0 


Bit 5 


YELLOW - VT #1 


CLonRD 


0 


Bit4 


FERF- VTffl 


CLoo RD 


0 


Bit 3 


LBLCHA -VTil 


CLooRD 


0 


Bit 2-0 


LABEL -VT#1 


RD 


X 



Bit 


Fcncbon 


Type 


Default 




Bit 15-1 




R 


0 


40 


BitO 


A Side HUNT 


CLooRD 


0 
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Bit 


FoDCtooo 


Type 


Default 




Bit 15-1 




R 


0 




BitO 


asSTrpjamf 


CLcoRD 


0 


55 



The register bit 0 is set to 0 following Power_Up and when 
it is read by software. 

4.8.4.13. Register E6— Alarm Register 6 

Same as Register EE— Alannr Register Z but it indicates 
the condition on B side. 

4.8.4.14. Register E4-^AJarm Register 7 

Same as Register EC — Alarm Register 3. but it indicates 
me condition on B side. 

4.8.4.15. RegisterE2— Alarm Register 8 

Same as Register EA — Alarm Register 4, but it indicates 
the condition on B side 



The register bits 3-9 are set to 0 following Power_up and 
when they are read by software. 

4.8.4.18. Register DC — Alarm Register 11 
Same as Register DB — Alarm Register 10. but it indicates 

40 the conditions on VT#2. 

4.8.4.19. Register DA-^Alarm Register 12 
Same as Register DB— Alarm Register 10, but it indicates 

the conditions on VT #3. 

4.8.4.20. Register D8— Alarm Register 13 
Same as Register DB— Alarm Register 10, but ft indicates 

the conditions on VT #4. 

4.8.4.21. Register D8 — RX Bus, VT Connect Register 
VT1SEL: VT #1 Address in the STS-1. The addressing 

scheme is given below: 
00000 No connection 
<XX»1 Tributary #1 

00010 Tributary #2 

00011 Tributary «3 

00100 Tributary #4 

00101 Tributary #5 

00110 Tributary #6 

00111 Tributary #7 

01000 Tributary #8 

01001 Tributary #9 

01010 Tributary #10 

01011 Tributary #11 

01100 Tributary #12 

01101 Tributary #13 
OHIO Tributary #14 
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01111 Tributery #15 

10000 Tributary #16 

10001 Tributary #17 

10010 Tributary #18 

10011 Tributoiy #19 

10100 Tributary #20 

10101 Tributary #21 

10110 Tributary #22 

10111 Tributary #23 

11000 Tributary #24 

11001 Tributary #25 

11010 Tributary #26 

11011 Tributary #27 

11100 -Tributary #28 

11101 No connectton 

11110 No connection 

11111 No connection 

VT2SEL: VT #2 Address in the STS-1. 
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4.8A25. Register CE— Reflected Parity Check Control 

The reflected parity error check can be enabled or dis- 
abledperVT. A logic 1 level shall enable the reflected parity 
error on a particular VT. This register contains the controls 
5 for VT #15-28. The register bits shall be set to 0 following 
Power_up. 



Bit 


Fuoctrai 


Type 




Bit 15-10 


Uaasod 


R 


0 


Bit 9-5 


VT1SEL 


WW 


OOH 


Bs*-0 


VT2SSL 


WW 


OOH 



The register bits shall be set to 0 following Power__up. 
4.8.4.22. Register RX Bus. VT Connect Register 
VT3SEL: VT #3 Address in the STS-1. 
VT4SEL: VT #4 Address in the STS-1. 



Bit 


Fknctra 






Bit 15-10 


Unused 


R 


O 


Bit 9-5 


VT3SEL 


R/W 


OOH 


Bit 4-0 


VT4SEL 


R/W 


OOH 



10 



15 



20 



25 



30 



35 



40 



Bit 


PUDCtlOQ 


Type 


De£nitt 


Bit 15-14 




R 


0 


Bit 13 




R/W 


0 


Bit 12 


Enable check VT #27 


R/W 


0 


Bit 11 


Enable d»ck VT #26 


R/W 


0 


Bit 10 


Enable check VT #25 


WW 


0 


Bit 9 


Enable check VT #24 


R/W 


0 


Bit 8 


Embk check VT #23 


R/W 


0 


Bit 7 


Enable check VT #22 


R/W 


0 


Bit 6 


Enable check VT #21 


R/W 


0 


Bit5 


Enable check VT #20 


R/W 


0 


Bit 4 


Enable check VT #19 


WW 


0 


Bit3 


Enable check VT #15 


R/W 


0 


Bit 2 


Eotbk check VT #17 


R/W 


0 


Bill 


Enable check VT #16 


R/W 


0 


BitO 


Eotbk check VT #15 


WW 


0 



4.8.4.26. Register CC— Reflected Parity Check Control 

Same as register CE, but it contains the controls for VT 
#1-14. The register bits shall be set to 0 folowing Power_ 
up. 



The register bits shall be set to 0 following Fower__up- 
4.8.4.23. Register 02 — RX Bus. A Side Control Register 
PTH_TH Parity threshold is loaded in the 5 bit parity encr 
down counter which will indicate the bus failure condi- 
tioa The counter is decremented by one with each parity 
error until it reaches to zero. 45 
LCLJPBK: Local loopback connects the transmit bus 
output data and sync signals into the receive interface 
instead of die ones received from the ASIC pins. A logic 
1 level shall indicate the loop condition. 
STS_SEL: Provides the tracking on one of the three STS-1 so 
payload. The selection scheme is given below: 



Bit 




Type 


Defkult 


Bit 15-14 




R 


0 


Bit 13 


&abk check VT #14 


R/W 


0 


Bit 12 


Enable check VT #13 


0 




Bit 11 


Enable check VT #12 


R/W 


0 


Bit 10 


Enable chock VT #11 


WW 


0 


Bit 9 


Enable chock VT #10 


R/W 


0 


Bit 8 


EoibkckckVT#9 


WW 


0 


Bit 7 


Embfcch*ckVT#8 


R/W 


0 


Bit 6 


Enable check VT #7 


R/W 


0 


Bit5 


Enable check VT #6 


R/W 


0 


Bit 4 


EnabfecheckVT#5 


R/W 


0 


Bit 3 


HnabbcbeckVT#4 


WW 


O 


Bit 2 


Enable check VT #3 


WW 


0 


Bit 1 


Enable check VT# 


WW 


0 


BitO 


Enable check VT# 


WW 


0 





0 0 


STS-1 #1 




0 1 


STS-1 #2 




1 0 


STS-1 #3 




1 1 


Unwed 


Bit 


Ptoctra 


Type Default 


Bit 15-4 


Ihmed 


R 0 


Bit 7-3 


PIH_TH-Aside 


WW OOH 


Bit 2 


LCULFBKrAskfe 


WW 0 


Bit 1-0 


STSL.SEL- Aside 


WW OflB 
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The register bits shall be set to 0 following Power__up. 
4.8.4.24. Register D0-41X Bus, B Side Control Register 65 

Same as register D2» but it provides the control signals on 
Bside. 



4.8A27. Register CA— TX Bus, VT Connect Register 

Same as register D6. but it provides the connection for 
transmit bus. 

4.8.4.28. Register C8 — TX Bus. VT Connect Register 
Same as register D4, but it provides the connection for 

transmh bus. 

4.8.4.29. Register C6 — TX Bus. A Side Control Register 
FRCNTJBN: Enable test frame counter. The test frame 

counter generates the transmit bus synchronization sig- 
nals from a free running counter as Jl is in fixed position 
(following CI) A logic 1 shall switch the control signals 
from this counter instead of the ones received in the bus 
interface. 

RP _JWj\RlTY:Reflected parity error polarity can be 
altered with this control bit 

H4 __SRC: B4 syiKhronization select enables the interface to 
synchronize either with the H4 sync detected in the 
receive interface or CII1V1 signal of the tnnsmit bus 
interface, A logic 1 level shall connect the receive H4 
muhlframe and a logic 0 level shall connect the transmit 
VI muhlframe synchronization into the transmit bus 
interface. 

H4_SBQ: The H4 sentience can be generated as long 3 
msec or short 500 usee A logic 1 level shall enable the 
long sequence to be generated. 
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STS-l #1 

sns-i«2 

STS-l #3 



3 dock delay 
6dock<khy 
9 dock delay 
12 clock delay 



PE _JNS: Creates parity errors on the outgoing data when it 

is set to logic 1. 
VT_AB: Inserts VTAIS per Vr when it is set to logic l.TTs 

feature has been added to be able to insert AIS on the 

outgoing data when the normal data is looped into the 

receive side. 



Bit 




Type 


Defimlt 


Bit 15-14 




R 


0 


Bit 13 




WW 


0 


Bit 12 


RP_J*JLARTrY-A skfe 


WW 


0 


BitU 


H4__SRC-Askfe 


WW 


0 


Bit 10 


H4^SB(Mwfe 


WW 


0 


Bit 9 


H4_JN£Atkfc 


WW 


0 


Bit 8-7 


STS_SKL-A »de 


WW 


0 


Bit 6^5 


CLY_CIL-Aikk 


WW 


0 


Bit 4 


PR_JNS-A«ioe 


WW 


0 


Bit 3 


LoopAIS VT #4-A fide 


WW 


0 


Bit 2 


LoopAIS VT ft- A safe 


WW 


0 


Bit 1 


LocpAIS VT#2-A«kfc 


WW 


0 


BitO 


LocftABVr*UAnde 


WW 


0 



The register bits shall be set to 0 following Power_up. 

4.8.430. Register C4— TX Bus, B Side Control Register 
Same as Register C6, but it provides the control signals on 

B side. 

4.8.431. Register BE— A side Reflected Parity Registers 
The tributary address of the reflected parity error are 

stored in a fifoThis flfo is directly accessible by microcon- 
troller interface to read Software access should be provided 
only when a fifo full interrupt is received. 
The RAM shall not be cleared upon Power_up. 



Bit 


— -* 
finciico 


Type 




Bit 15-5 


United 


R 


0 


Bit 4-0 


VTftddre»Ac 


ids R 


X 



4.8.432. Register 9E-80 — B side Reflected Parity Registers 
Same as Registers BE- AO* but it contains the tributary 

addresses for B side. 

4.8.433. Register 7B— Mapper Control DS1 #4 
ESSEL: It provides me selection control for one of the two 

elastic store on the DS1 data path. It is used in the ASIC 
with the combination of the BUSMODB input signal and 
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H4_JNS: B4 byte is generated and inserted into the VT path 
overhead under the control of this register, A logic 1 shall 
insert the H4 byte into the STEW payioad. 

STS_J5EL: Provides the tracking on one of the three STS-l 
payioad. The selection scheme is given below: 



DLY_CTL: Delays the outputs of the tributary counter to 
match with the delays on the reflected parity path. The 
reflected parity error should be returned in the same 
STS-l boundary which it was transmitted The selection 
scheme is given below: 



ASYRX register bit which controls different mappings in 
the ASIC ESSEL shall be effective for DSI to byte 
synchronous flaring VT mapping. A logic 1 shall enable 
the Dual Bank RAM whose slips are in the frame bound- 
aries. A logic 0 shall enable the Mbyte elastic store 
generating VT pointer adjustments related to the offset of 
the received DSI dock. 
ASYRX: It enables the ASIC to map the DSI into the 
floating asynchronous VT with bit stuffing. A logic 1 shall 
indicate asynchronous mapping. 
LOOPDS1: Loops the transmit DSI data, dock and multi- 
frame synchronization signals into the receive interface. 
SLGEN: It enables the ASIC to drop and add the SLC-96 
frame data link. A logic 1 shall indicate the operation in 
the 72 frames SLC-96 mode. 
19 CLRCHA: It provides robbed bit or dear channel signaling 
control per DS0. A logic 1 shall indicate the robbed it 
signaling. Ch 17-24 are controlled by this register. 



10 



20 



23 



30 



35 



40 



45 
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Bit 


Function 


Type 


Default 


MtlS-12 


Umsed 


R 


0 


BitU 


SLCEM 


WW 


0 


Bit 10 


LOOPDS1 


WW 


0 


Bit 9 


ASYRX 


RIW 


0 


Bit 8 


ESSEL 


R7W 


o 


Bit7 


CL*CHA-DS0Ch24 


WW 


0 


Bit 6 


CLRCHA-DSO Ch23 


WW 


0 


EH 5 


CLJtCHA-DSO Ch22 


WW 


0 


Bit4 


CLR£HA-DS0Ch21 


WW 


0 


Bit 3 


CLRCHA-DSO CL20 


WW 


0 


Bit 2 


CLRCHA-DSO Chl9 


WW 


0 


Bit 1 


CLRCHA-DSO Chl8 


WW 


0 


BitO 


CLRCHArDSO Chl7 


WW 


0 



The register bits shall be set to 0 following Power_up. 
4.8.434. Register 7C-*tapper Control DSI #4 

It provides clear channel control bits for DS0 channels 
1-16 for me DSI #4. 



Bit 


Ftmctmi 


Type 


Default 


BitU 


CLRCHA-DSO Chi 6 


WW 


0 


Bit 14 


CLRCHA-DSO ChlS 


WW 


0 


Bit 13 


CLRCHA-DSO Chi 4 


WW 


0 


Bit 12 


CLRCHA-DSO Chi 3 


WW 


0 


Bit 11 


CLRCHA-DSO Chl2 


WW 


0 


Bit 10 


CLRCHA-DSO Chit 


WW 


0 


Bit 9 


CLRCHA-DSO OilO 


WW 


0 


BitS 


CLRCHA-DSO 09 


WW 


0 


Bit 7 


CLACHA-DS0 CM 


WW 


0 


Bit 6 


CLRCHA-DSO Ch7 


WW 


0 


BttS 


CLRCHA-DSO Ch6 


WW 


0 


Bit 4 


CLRCHA-DSO Ch5 


WW 


0 


Bit 3 


CLRCHA-DSO Cb4 


WW 


0 


Bit 2 


CLRCHA-DSO Ch3 


WW 


0 


Bit 1 


CLRCHA-DSO Ch2 


WW 


0 


BitO 


CLRCHA-DSO Chi 


WW 


0 



33 The register bits shall be set to 0 following Power__up. 
4.8.4.35. Register 7A— SLC-96 Datalink Receive #4 
SFLOSS: SLC-96 soperfrarne loss. A logic 1 shall indicate 

mat the datalink bits may not be correct. 
Ml bit SLC-96 frame bit received in the rnultiframe #5. 
60 frame 4. Each rnutifr&me contains 12 frames and there are 
6 n uiiVft**™ in a 72 frame SLC-96 superframe. 
M2 bit SLC-96 frame bit received in the rnultiframe #5. 
frame 6. 

M3 bit SLC-96 frame bit received in the multifxame #5. 
63 frame 8. 

Al bit SLC-96. frame bit received in the rnultiframe #5. 
frame 10. 
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A2 bit: SLC-96 frame bit received in the multiframe #5, 
frame 12. 

51 bit: SLC-96 frame bit received in the multiframe #6. 
frame 2. 

52 bit: SLC-96 frame bit received in the muhiframe #6. 
frame 4. 

53 hit: SLC-96 frame bit received in the multiframe #6. 
frame 6. 

54 bit: SLC-96 frame bit received in the multiframe 46. 
frame 8. 



Bit 


Functra 


Type 


Defeult 


Bit IS 


&LOSS 


(Xcm RD 


0 


Bit 14-9 


Unused 


R 


0 


Bit 8 


Ml Bit 


R 


0 


Bit 7 


M2 Bit 


R 


0 


Bit 6 


M3Bit 


R 


0 


Bit5 


Al Bit 


R 


0 




A2 Bit 


R 


0 


Bit 3 


SI Bit 


R 


0 


Bit 2 


S2Bit 


R 


0 


Bit 1 


S3 Bit 


R 


0 


BitO 


Si Bit 


R 


0 
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FERFSEL: It provides the FERF selection from hardware or 

software source. A logic 1 shall enable the automatic 

FERF insertion by hardware. 
YELLOW: The content of this register is inserted into the 
5 V5 byte YELLOW bit position. 

SWATS: It controls the insertion of VT path ATS in floating 

mode or UNICODE in the locked mode. A logic 1 shall 

generate the ATS. 
DISA1S: It disables the automatic ASS insertion under 
10 hardware control. A logic 1 shall disable the ATS. 
INVBIP2: The calculated BBP2 parity bits are inverted to 

create the BIF2 errors at the other end A logic 1 shall 

invert bom parity bits. 
ASYNVT: Enables the ASIC to map the VT interface 
15 instead of the DSL A logic 1 shall select the VT path 

between two ASICs. 
LOOFVT: Provides the loopback in the serial VT interface. 

A logic 1 shall loop die serial VT outputs into the serial 

VT inputs. 

20 TR8MD: This feature has been added to freeze the P1P0 bits 
on 11 condition during UNICODE. A logic 1 shall indi- 
cate TRS mode. 



The register bits shall be set to 0 following Power_up 
4.8.436. Register 78— SLC-96 Datalink Receive #4 
CI bit: SLC-96 frame bit received in me multiframe #2, 
frame 12. 

C2 bit: SLC-96 frame bit received in the multiframe #3, 
frame 2. 

C3 bit: SLC-96 frame bit received in the multiframe #3. 
frame 4. 

C4 bit: SLC-96 frame bit received in the multiframe #3, 
frame 6. 

CS bit: SLC-96 frame bit received in the multiframe #3, 
frame 8. 

C6 bit: SLC-96 frame bit received in the multiframe #3, 
frame 10. 

C7 bit: SLC-96 frame bit received in the multiframe #3* 
frame 12. 

C8 bit: SLC-96 frame bit received in the multiframe #4, 
frame 2. 

C9 bit: SLC-96 frame bit received in the multiframe #4. 
frame 4. 

CIO bit: SLC-96 frame bit received in the mnltifrnmc #4, 
frame 6. 

Cll bit: SLC-96 frame bit received in the imdtiframe #4. 
frame 8. 



Bit 


Function 


Type 


Default 


Bit 15-11 


Unused 


R 


0 


Bit 10 


CI Bit 


R 


0 


Bit 9 


C2Bit 


R 


0 


Bit 8 


OB* 


R 


0 


Bit 7 


C4B* 


R 


0 


Bit 6 


C5 Bit 


R 


0 


KtS 


06 Bit 


R 


0 


Bit 4 


C7Bit 


R 


0 


Bit 3 


C8 Bit 


R 


0 


Bit 2 


C9Bit 


R 


0 


Bit 1 


CIO Bit 


R 


0 


BitO 


Cll Bit 


R 


0 



The register bits shall be set to 0 following Power_up. 

4.8.437. Register 76— Mapper Control VT #* 

LABEL: This register provides the LABEL hits of the V5 

path overhead byte to be transmitted from the ASIC 
FERF: The content of this register is inserted into the V5 

byte FERF bit position if hardware override option is not 

used. 



Bit 


Functra 


Typo Detail 


Bit 15-12 


Unused 


R 


0 


Bit 11 


TR8MD 


R/W 


0 


Bit 10 


LOOPVT 


R/W 


0 


Bit 9 


ASYNVT 


R/W 


0 


Bit8 


1NVB1P2 


R/W 


0 


Bit 7 


D1SAIS 


R/W 


0 


Bit 6 


SWAIS 


R/W 


0 


BitS 


YELLOW 


R/W 


0 


Bit 4 


FERFSEL 


WW 


0 


BitS 


FERF 


R/W 


0 


Bit 2-0 


LABEL 


R/W 


0 


The register bits shall be set to 0 following Power_up. 


4.8.438. Register 74— Mapper Control VT #4 




0 bits of the asynchronous VT payioad a 


ire inserted 


writing this register. 






Bit 


Function 


Type 


Default 


Bit 15-8 


UxfflBed 


R 


0 


Bit? 


O-BTTS second FR 


R/W 


OH 


Bit V0 


OBTrS farthodFR 


R/W 


OH 



The register bits shall be set to 0 following Power_up. 
4.8.439. Register 72— Status Register Mapper & Demapper 
50 #* 

SKTDB: Indicates the slip condition of the Dual Bank data 
elastic store of the mapper. A logic 1 shall indicate a slip. 

SHTSIG: Indicates the slip condition of the Dual bank 
signaling elastic store of the mapper. A logic 1 shall 
55 indicate a slip. 

DMSLTP: Demapper dsyncbronizer elastic store slip indi- 
cator. A logic 1 shall indicate a slip. 



Bit 


PlMKtJOD 


Type 


Denmh 


Bit 15-3 


Unused 


R 


0 


Bit 2 


SBTDB 


CXcoRD 


0 


Bitl 


SBTSR? 


CLoq RD 


0 


BitO 


DMSUP 


CLon RD 


0 



The register bits 0-2 are set to 0 following Power_up and 
when they are read by software. 



30 
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40 
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4.8.4.40. Register 70— Status Register Dernier #4 

O bits of the asynchronous VT payload are received in 
this register. 



Bit 


Function 


Type 


Default 


Bit 15-« 


Unused 


It 


0 


Bit 7 


OBITS second FR 


RVW 


OH 


Bit 3-0 


MITS for third FR 


WW 


OH 



Bit 


FUDCUOD 


lype 


Default 


Bit 15 


DJSAE 


R/W 


0 


Bit 14 


dkarr 


WW 


0 


Bit 13 


mode 


WW 


0 


Bit 12 




WW 


0 


Bit 11 




B/W 


O 


Bit 10 


DGD5P 


WW 


O 


Bit 9 


UODPCd 


WW 


O 


Bit 8 


DesynRef 


WW 


0 


Bit 7 


cab-DS0Ch24 


WW 


0 


Bit 6 


caM>S0Ch23 


WW 


0 


BitS 


cab-DSOCh22 


WW 


0 


Bit 4 


cathDSOChll 


WW 


0 


Bit 3 


cab-DSOCbJO 


WW 


0 


Bit 2 


cab-DS0Chi9 


WW 


0 


Bitl 


oaM)SOChl8 


WW 


0 


BitO 


caW)SOChl7 


WW 


0 



Hie register bits shall be set to 0 following Fowcr__up. 
4.8.4.42. Register 6—Demapper Control DS1 #4 

It provides dear channel control bits for DS0 channels 
1-16 for the DSI #4. 



Bit 


PQDCtKXl 


Type 


Default 


Bit 15 


coW>S0Chl6 


WW 


0 


Bit 14 


cafc-DS0Chl5 


WW 


0 


Bit 13 


cab-DSOChl4 


R/W 


0 


Bit 12 


ca\yDSOChi3 


B7W 


0 


Bit 11 


ccrW>S0Chl2 


WW 


0 
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-continued 



Type 



The register bits shall be set to 0 following Fower_up. 

4.8.4.41. Register 6E— Demapper Control DS1 #4 

DesynRef: Desynchrooizer reference is switched from CI 
SYNC into the J 1 SYNC of the STS- 1 payload. A logic 1 
shall synchronize the interface with Jl sync. 

DSDSP: It allows the ASIC to operate without a need for a 
DSP interface for locked mode mappings. A logic 1 shall 
disable the DSP control and me transmit DSi clock shall 
be generated in a fixed sequence. 

aisgen: A logic 1 shall generate DSI AIS to be transmitted. 

sigmode: The 12 or 24 frame muttftnre signaling selection so 
the multiframe sync signal output is active once every 12 
ox 24 frames. A logic 0 indicates ESF and a logic 1 
indicates SF. 

mode: A logic 1 shall indicate the asynchronous DSI map- 
ping so the destuffing can be performed. 

elkinv: DSI clock can be inverted under software control. A 
logic 0 shall move the rising edge into the middle of the 
DSI data (300 nsec setup 300 nsec hold) and a logic 1 
level shall provide 50 nsec setup time and 600 nsec hold 
respect to data. 

DISAIS: A logic 1 level shall disable the AIS condition 
generated by hardware. 

ccrb: It provides robbed bit or dear channel signaling 
control per DS0. A logic 1 shall indicate the robbed bit 
signaling. Ch 17-24 are controlled by this register. 



10 



15 



20 



25 



30 



35 



40 



Bit 10 


ccrtHDSOCbll 


WW 


0 


Bit 9 


ccttvDSOChlO 


WW 


0 


BitS 


oofcDSOOd 


WW 


0 


Bit 7 


octbDSOO* 


WW 


0 


Bit 6 


ccrtvDSO Ch7 


WW 


0 


BitS 


ocib-DSO Ch6 


WW 


0 


Bit 4 


caW)S0 ChS 


WW 


0 


Bit 3 


caMftOa* 


WW 


0 


Bit 2 


cab-DSO Ch3 


WW 


0 


Bitl 


ccib-Dsoaa 


WW 


0 


BitO 


ccib-DSO Chi 


WW 


0 



The register hits shall be set to 0 following Power„up, 
4.8.4.43. Register 6A— SLC-96 Datalink Transmit #4 
Ml bit SLC-96 frame fait transmitted in the multiframe 
#5* frame 4. 

M2 bit: SLC-96 frame fait transmitted in the multiframe 
#5* frame 6. 

M3 bit: SLC-96 frame bit transmitted in the multiframe 
#5» frame 8. 

Al bit: SLC-96 frame bit transmitted in the multiframe 
#5. frame 10. 

A2 bit: SLC-96 frame fait transmuted in the multiframe 
#5* frame 12. 

51 bit: SLC-96 frame bit transmitted in the multiframe #6. 
frame 2. 

52 bit: SLC-96 frame bit transmitted in the multiframe #6. 
frame 4. 

53 bit: SLC-96 frame bit transmitted in the multiframe #6. 
frame 6. 

54 bit: SLC-96 frame bit transmitted in the multiframe #6. 
frame 8. 



Bit 


Function 


Type 


Default 


Bit 15-9 


Unused 


a 


0 


Bit 8 


Ml Bit 


WW 


0 


Bit 7 


M2Bit 


WW 


0 


Bit 6 


M3Bit 


WW 


0 


BitS 


AlBit 


WW 


0 


Bit 4 


A2Bit 


WW 


0 


Bit 3 


SI Bit 


WW 


0 


Bit 2 


S2Bit 


WW 


0 


Bit 1 


S3 Bit 


WW 


0 


BitO 


S4Bif 


WW 


0 



55 



The register bits shall be set to 0 following Power_up. 
50 4.8.4.44. Register 68— SLC-96 Datalink Transmit #4 

CI bit: SLC-96 frame bit transmitted in the multiframe 
#2, frame 12. 

C2 bit: SLC-96 frame bit transmitted in the nuiltifxame 
#3, frame 2. 

C3 bit: SLC-96 frame bit transmitted in the multiframe 
#3, frame 4. 

C4 bit: SLC-96 frame bit transmitted in the multiframe 
#3. frame 6. 

C5 bit: SLC-96 frame bit transmitted in me multiframe 
#3. frame 8. 

C6 bit: SLC-96 frame bit transmitted in the multiframe 
#3. frame 10 

C7 fait: SLC-96 frame bit transmitted in the multiframe 
#3. frame 12. 

C8 bit: SLC-96 frame bit transmitted in the multiframe 
#4, frame 2. 



60 



65 
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C9 fait: SLC-96 frame bit transmitted in the multiframe 
#4, frame 4. 

CIO hit: SLC-96 frame bit transmitted in the multiframe 
#4, frame 6. 

Cll bit: SLC-96 frame bit transmitted in the multiframe 
#4, frame &- 



Bit 


Ptactno 


Type 


Dcfindt 


Bit 15-11 


Unosod 


R 


0 


Bit 10 


CI Bit 


R/W 


0 


B*9 


C2Bit 


R/W 


0 


Bit 8 


C3Bit 


R/W 


0 


Bit 7 


CiBit 


R/W 


0 


Bit 6 


CJBit 


R/W 


0 


Bit 5 


C6 Bit 


R/W 


0 


Bit 4 


C7Bit 


R/W 


0 


Bit 3 


C8Bit 


R/W 


0 


Bit 2 


C9Bil 


R/W 


0 


S& I 


ClQBii 


R/W 


0 


BitO 


Cll Bit 


R/W 


0 



The register bits shall be set to 0 following Power_up. 
4.8.4.45. Register 66-^IP-2 Eiror Accunuilatar VT #4 

BIP-2 errors are accumulated far VT performance moni- 
toring. The amimnlatnr is accessible directly by software. 
The 12-bdt value can amimutotc maximum errors far 1,024 
sec. The accumulator is an up counter which rolls to 0 from 
maximum count. 



Bit 


Ruction 


T>pe 


Defrolt 


Bit 15-12 


Vmmd 


R 


0 


Bit 11-0 


BIP-2 Bncr Aoci 


na R 


O00H 



The accumulator shall be set to 0 following Pdwer_up. 
4.8.4.46. Register 64 — FEBE Accumulator VT #4 

Received FEBE bits are accumulated for VT performance 
monitoring. The accumulator is accessible directly by soft- 
ware. The 11-bit value can amimnUitr maximum FEBEs for 
1.024 sec The accumulator is an up counter which rolls to 

0 from wyiTimitm nrarat 



Bit BanctWQ 


1>I» 


Defuh 


Bit 15-11 United 


R 


0 


Bit 10-0 raws Ace 


^umJitnc R 


O00K 



Hie accumulator shall be set to 0 following Power__up. 
4.84.47. Register 62— Positive Justification Accumulator 
VT#4 

Received VT pointer increments are accumulated for VT 
p erfor ma nce mc*iitc«ing. The accumulator is accessible 
directly by software. The 9-bit value can accumulate maxi- 
mum pointer adjustments for 1.024 sec The accumulator is 
an up counter which rolls to 0 from maximum count 



Bit 


ftmctm 


Type 


Default 


Bit 15-9 


IZmscd 


R 


0 


Bit 8-0 


FT ArfwifiHilrtnr 


R 


OQQH 



The accumulator shall be set to 0 following Power__up. 
4.8.4.4S. Register 60 — Negative Justification Accumulator 
VT#4 

Received VT pointer decrements are accumulated for VT 
performance monitoring. The accumulator is accessible 
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directly by software. Tbe 9-bit value can ammmlatr maxi- 
mum pointer adjustments for 1.024 sec The accumulator is 
an up counter which rolls to 0 from maximum count. 



5 



Bit 


Fmctioo 


Type 


Defrnb 


Bit 15-9 


Unused 


R 


0 


Bit 8-0 


NJ AccTwrmlrtnr 


R 


000H 



10 Hie accumulator shall be set to 0 following Power_up. 

4.8.4.49. Register 40-5B-VT Slice Registers #3 

Same as explained in the registers 60-7E. but it contains 
the information for the DS1 and VT interface #3. 

4.8.4.50. Register 20-3E — VT Slice Registers #2 

15 Same as explained in the registers 60-7E. but it contains 
the information for the 0S1 and VT interface #2. 

4.8.4.51. Register 00-1B— VT Slice Registers #1 

Same as explained in the registers 60-7E. but it contains 
the information for the DS1 and VT interlace #1. 
20 4.8.5. Timing between the Slice and Bus Interfaces 

Each slice is caaable of selecting the dock from earner A 
side or B side. A latch has been included into the design for 
every signal transferred from the bus interface into the DS1 
and VT slices or vice versa. These latches shall provide half 
„ a dock period hold time for every signal transferred between 
the blocks. 

FIG. 4-24 shows the signal flow from the transmit bus 
interface into the slice and FIG. 4-25 shows the signal flow 
from the slice into the transmit bus interface. 

The signal flow from the receive bus interface into the 
slice is shown in FIG. 4-26. 

What is claimed is: 

1. A digital terminal for a telephone system comprising 
the combination of: 

33 a plurality of digital line feeders for carrying digital 
signals; 

signal processor means connected to at least one of said 
digital line feeders for receiving said digital signals 
therefrom and for translating said digital signals into 

4Q optical signals; 

at least one channel unit shelf, said shelf comprising a 
plurality of channel units and first and second optical- 
electrical interface units for converting said optical 
signals into electrical signals; 

43 first and second optical transmission signal conducting 
means connected to said signal processor means for 
receiving therefrom and carrying said optical signals, 
said first optical signal conducting means being con- 
nected in a serial loop to said first optical-electrical 

50 interface unit and said signal processor means and said 
second optical signal conducting means being con- 
nected in a serial loop to said second optical-electrical 
interface unit and said signal processor means for 
delivering to said optical-electrical interface units said 

55 optical signals; and 

a channel shelf processor in said channel unit shelf which 
is coupled to said first and second optical-electrical 
interface units for selectively delivering to individual 
ones of said channel units electrical signals converted 

60 to electrical signals from at least one of said optical 
signals delivered by one of said first and second optical 
transmission signal conducting means. 

2. A terminal according to claim 1. comprising a plurality 
of channel unit shelves, each of said shelves comprising two 

63 groups of said channel units, two of said channel shelf 
processors and said first and second optical-electrical inter- 
face units. 
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3. A digital terminal according to claim 1. further com- 
prising an optical feeder for carrying optical signals, and 
said signal processor means is operable to convert data from 
said optical signals into electrical signals, to process said 
electrical signals, and to convert said electrical signals to 
optical signals for delivery to said channel unit shelf via said 
first and second optical transmission signal conducting 
means. 

4. A digital terminal apparatus according to claim 1* 
wherein said signal processor means and said channel unit 
shelf arc configured to communicate with each other via 
embedded signals exchanged therebetween on said first and 
second optical transmission signal conducting means. 

5. A digital terminal apparatus according to claim 4, 
wherein said channel unit shelf is operable to assign time 
slots onto said first and second optical transmission signal 
conducting means on a per call basis under the control of 
said signal processor means. 

6. A digital terminal apparatus according to ciaim 5, 
wherein said channel unit shelf is operable to assign time 
slots onto said first and second optical transmission signal 
conducting means such that no active time slots overlap. 

7. A digital terminal apparatus according to claim 5. 
wherein said signal processor means coordinates said time 
slot assignments by said channel unit shelf Yia said embed- 
ded signals. 

8. A digital terminal apparatus according to claim 7, 
further comprising a time slot multiplexer coupled between 
said signal processor means and said first and second optical 
transmission signal conducting means for recovering optical 
signals received from said channel unit shelf and for trans- 
mitting signals from said signal processor means. 

9. A digital terminal for a telephone system for transmit- 
ting digital signals between a feeder and customer service 
equipment connected to groups of channel units, compris- 33 
ing: 

signal processor means connected to said feeder for 
receiving feeder signals therefrom, and for converting 
said feeder signals into optical signals; and 
an optical ring coupled to said signal processor means and 40 
said groups of channel units for receiving said feeder 
signals from said signal processor means and providing 
them to said groups of channel units; wherein 
said groups of channel units are operable to receive 
customer signals from said customer service 45 
equipment, convert said customer signals to optical 
signals, and provide said customer signals to said 
optical ring for delivery to said signal processor 
means. 

10. A digital terminal according to claim 9, wherein: 30 
each of said groups of channel units comprises first and 

second optical -electrical interface circuits for convert- 
ing optical ones of said feeder signals into electrical 
signals and for converting electrical ones of said cus- 
tomer signals into optical signals; and 55 
said optical ring comprises first and second optical trans- 
mission signal conducting means connected in series, 
respectively, with said first and second optical- 
electrical interface circuits in said groups of channel 
units to create two signal paths on which said optical 60 
signals are transmitted in opposite directions. 

11. A digital terminal according to daim 9, wherein each 
of said groups of channel units comprises at least one 
customer service equipment interface, an optical ring 
interface, and a channel unit processor coupled to said 65 
equipment interface and said optical ring interface and 
operable to process and deliver signals between said cus- 
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tomer service equipment and said signal processor means 
via said optical ring, wherein: 

said customer service equipment is selected from the 
group consisting of plain old telephone service, inte- 
5 grated services digital network, extensions and optical 
fiber; and 

said channel unit processor is configured to perform 
functions specific to at least one of said customer 
service equipment in said group, and said signal pro- 
10 cesser means is configured to perform functions that 
are common to each of said customer service equip- 
ment in said group. 

12. A digital terminal according to claim 9. wherein said 
optical ring is configured to connect remotely located cus- 

15 tomer service equipment to said signal processor means. 

13. A digital terminal according to claim 9. wherein said 
signal processor means is operable to rearrange signaling 
bits contained in said digital signals from said feeder on a 
single byte-per-channel basis. 

20 14. A digital terminal according to claim 9. wherein said 
signal processor means and said groups of channel units are 
configured to communicate with each other via embedded 
signals exchanged therebetween on said optical ring. 

15. An apparatus according to claim 14, wherein said 
25 groups of channel units each comprise means for assigning 

time slots onto said optical ring on a per call basis under the 
control of said signal processor means. 

16. An apparatus according to claim 15. wherein said 
groups of channel units are operable to assign time slots onto 

30 said optical ring such that no active time slots overlap. 

17. An apparatus according to claim 15. wherein said 
signal processor means coordinates said time slot assign- 
ments by said groups of channel units via said embedded 
signals. 

18. An apparatus according to claim 17, further compris- 
ing a time slot multiplexer coupled between said signal 
processor means and said optical ring for recovering optical 
signals received from said group of channel units and for 
transmitting signals from said signal processor means. 

19. An apparatus according to claim 19, wherein said 
signal processor means comprises: 

at least one optical interface for receiving optical signals 
from said feeder and converting said optical signals to 
electrical signals and demultiplexing said electrical 
signals from an optical channel format to a synchro- 
nous transport signal STS. format; 
STS multiplexing means for receiving the demultiplexed 
STS signals and providing an output of parallel STS 
signals as virtual tributary, VT, signals; 
a VT mapper circuit for mapping and demapping the 

virtual tributary signals; 
a time slot multiplexer coupled between said signal pro- 
cessor means and said optical ring for recovering 
optical signals transmitted thereon by said group of 
channel units and for placing signals thereon for deliv- 
ery from said signal processor means; 
a common equipment processor; and 
a synchronous local area network for communication 
between said common equipment processor and said 
optical interface, said STS multiplexing means, said 
VT mapper circuit, and said time slot multiplexer, 

20. A digital terminal for processing digital signals trans- 
mitted between a central office and customer service 
equipment, comprising: 

a common unit adapted to receive and process DS1 
signals and optical signals from a central office; and 
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at least one channel unit adapted to interface with the 
customer service equipment and said common unit and 
operable to deliver said processed signals to the cus- 
tomer service equipment; 

wherein said customer service equipment is at least one of 
a plurality of customer service equipment types com- 
prising a plain old telephone, integrated services digital 
network equipment, special service equipment a trunk, 
and optical fiber, said channel unit being adapted to 
operate as a portion of a channel bank for at least one 
of said plurality of customer service equipment types, 
said common unit being operable to process said DS1 
signals and said optical signals by performing functions 
required for each of said plurality of customer service 
equipment types and generating output signals, and 
said channel unit being operable to process said output 
signals by performing functions particular to said at 
least one of said plurality of customer service equip- 
ment types to which said channel unit is connected, 

21. A digital terminal according to claim 20, wherein said 
channel unit comprises a portion of a high-density plain old 
telephone service channel bank 

22. A digital terminal according to claim 20, wherein said 
channel unit is configured to accommodate an additional 
type of customer service equipment in addition to the 
customer service equipment in said plurality of customer 
service equipment types without requiring modification of 
said common unit 

23. A digital terminal according to claim 20. wherein a 
plurality of said channel units are configured in an n -channel 
bank for interfacing with at least one type of customer 
service equipment selected from said plurality of customer 
service equipment types, and wherein said digital terminal is 
expandable in n -channel increments by coupling additional 
ones of said n-channel banks to said common unit. 

24. A digital terminal according to claim 23, wherein said 
digital terminal is operable to process as many as 672 
channels by connecting between one and seven 96-channel 
channel banks to said common unit 

25. A digital terminal according to claim 24, wherein said 
digital terminal is operable to groom said 672 channels into 
any combination of 28 DS1 feeder signals. 

26. A digital terminal according to claim 20, wherein said 
common unit is adapted to support a plurality of external 
signaling types associated with the central office. 
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27. A digital terminal for a telephone system comprising 
the combination of: 

at least one digital line feeder for carrying digital signals; 
5 signal processor means connected to said digital line 
feeder for receiving said digital signals therefrom and 
far translating said digital signals into optical signals; 
at least one channel unit shelf, said shelf comprising a 
plurality of channel units and first and second optical- 
10 electrical interface units for converting said optical 
signals into electrical signals; 
first and second optical transmission signal conducting 
means connected to said signal processor means for 
receiving therefrom and carrying said optical signals. 
15 said first optical signal conducting means being con- 
nected in a serial loop to said first optical-electrical 
interface unit and said signal processor means and said 
second optical signal conducting means being con- 
nected in a serial loop to said second optical -electrical 
20 interface unit and said signal processor means for 
delivering to said optical-electrical interface units said 
optical signals; and 
a channel shelf processor in said channel unit shelf which 
is coupled to said first and second optical-electrical 
25 interface units for selectively delivering to individual 
ones of said channel units electrical signals converted 
to electrical signals from at least one of said optical 
signals delivered by one of said first and second optical 
transmission signal conducting means. 
30 28. A terminal according to claim 27, comprising a 
plurality of channel unit shelves, each of said shelves 
comprising two groups of said channel units, two of said 
channel shelf processors and said first and second optical- 
electrical interface units. 
35 29. A terminal according to claim 27, comprising a 
plurality of channel unit shelves, said first optical signal 
conducting means being connected in a serial loop to said 
first optical-electrical interface unit of each of said shelves 
and then to said signal processor means. 
40 30. A terminal according to claim 29. said second optical 
signal conducting means being connected in a serial loop to 
said second optical-electrical interface unit of each of said 
shelves and then to said signal processor means. 
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